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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] This invention relates to a method and appa- 
ratus for measuring a concentration of glucose in a living 
body. This invention particularly relates to a method and 
apparatus for measuring non-invasively the concentra- io 
tion of glucose in the aqueous humor in the anterior 
aqueous chamber of the eyeball, and a method and ap- 
paratus for measuring non-invasively the concentration 
of glucose in the blood in accordance with the concen- 
tration of glucose in the aqueous humor. *5 

Description of the Prior Art 

[0002] The mean level of glucose in the blood varies 
for different persons and is an important index for deter- 20 
mining whether drugs are to be or are not to be admin- 
istered to diabetic patients. 

[0003] The concentration of glucose in the blood has 
the characteristics such that it fluctuates markedly within 
a very short time in accordance with food intake, phys- 25 
ical activity, a complication by another disease, or the 
like. Urgent dosage is often required due to a sharp in- 
crease in concentration of blood glucose. 
[0004] Therefore, as for patients having such a dis- 
ease, it is desired that the concentration of glucose in 
the blood can be monitored at as short intervals as pos- 
sible. Ordinarily, monitoring of the concentration of glu- 
cose in the blood is carried out by lancing the finger of 
the patient in order to obtain a drop of blood, analyzing 
the drop of blood, and thereby measuring the concen- 
tration of glucose in the blood. Since the lancing of the 
finger is painful, It is difficult to compel the patients to 
undergo the measurement procedure many times per 
day. 

[0005] Accordingly, recently, in lieu of the invasive 
measurements having the drawbacks described above, 
various non-invasive measuring methods, which are not 
accompanied by pain, have been proposed. 
[0006] The non-invasive measuring methods are pri- 
marily based upon the findings in that the concentration 
of glucose in the aqueous humor, which fills the anterior 
aqueous chamber located between the cornea and the 
crystalline lens of the human eyeball, has strong corre- 
lation with the concentration of glucose in the blood, 
though the level of correlation varies for different per- 
sons.. With the non-invasive measuring methods, the 
concentration of glucose in the aqueous humor is meas- 
ured non-invasivery. 

[0007] For example, a glucose sensor system, where- 
in the angle of rotation of infrared radiation having im- 
pinged upon the aqueous humor is measured, and the 
concentration of glucose having relationship with the an- 
gle of rotation is thereby determined, is proposed in, for 



example, U.S. Patent No. 3,958,560. 
[0008] Also, a technique for measuring stimulated Ra- 
man light from glucose is disclosed in, for example, WO 
92/10131. 

[0009] Further, a device for measuring the optical 
properties of light reflected from the crystalline lens of 
the eye is described in, for example, U.S. Patent No. 
5,535,743. Furthermore, a method for measuring the 
concentration of glucose in the aqueous humor is de- 
scribed in, for example, U.S. Patent No. 5,433,197. 
[0010] However, with the device described in U.S. 
Patent No. 5,535,743, light reflected from the interface 
between the cornea and the aqueous humor cannot be 
eliminated, and information representing absorption at 
the cornea is detected together with the necessary in- 
formation. Therefore, the accuracy, with which the con- 
centration of glucose in the aqueous humor is deter- 
mined, cannot be kept high. , 
[001 1 ] Further, in U.S. Patent No. 5,535,743, nothing 
is disclosed as to technical means to be used for meas- 
uring a minute change in absorbance. Therefore, the de- 
vice described in U.S. Patent No. 5,535,743 cannot be 
appropriately used in practice. 
[001 2] As for the glucose sensor system proposed in 
U.S. Patent No. 3,958,560, many compounds otherthan 
glucose in the aqueous humor are optically active and 
take part in rotation of the plane of polarization. Also, 
the cornea exhibits birefringence and therefore causes 
rotation of the plane of polarization to occur. According- 
ly, with the glucose sensor system proposed in U.S. Pat- 
ent No. 3,958,560, wherein the concentration of glucose 
in the aqueous humor is determined from the angle of 
rotation, the measurement accuracy cannot be kept 
high. 

[001 3] With the technique disclosed in WO 92/1 01 31 , 
in order for stimulated Raman light from glucose to be 
measured, a pump laser beam having a high intensity 
is introduced into the anterior aqueous chamber and in 
a direction normal to the vision line optical axis. There- 
fore, a practical measuring system cannot be constitut- 
ed easily. 

SUMMARY OF THE INVENTION 

[0014] The primary object of the present invention is 
to provide a glucose concentration measuring method, 
wherein the concentration of glucose in the aqueous hu- 
mor is measured non-invasively and with a high accu- 
racy. 

[0015] Another object of the present Invention Is to 
provide a glucose concentration measuring method, 
wherein the concentration of glucose in the blood is 
measured non-invasively from the non-invasively ob- 
tained concentration of glucose in the aqueous humor. 
[0016] Another object of the present invention is to 
provide an apparatus for carrying out the glucose con- 
centration measuring method. 
[0017] The present invention provides a first glucose 
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concentration measuring method, comprising the steps 
of: 

i) splitting a low coherence light beam, which has 
been radiated out of a predetermined light source, 
into a signal light beam and a reference light beam, 
each of which travels along one of two different op- 
tical paths, 

ii) modulating at least either one of the signal light 
beam and the reference light beam such that a 
slight difference in frequency may occur between 
them, 

iii) irradiating the signal light beam to the eyeball ly- 
ing at a predetermined position, 

iv) causing a first backward scattered light beam of 
the signal light beam having been irradiated to the 
eyeball, the first backward scattered light beam 
coming from an interface between the cornea and 
the anterior aqueous chamber of the eyeball, and 
the reference light beam to interfere with each other 
by adjusting an optical path length of the reference 
light beam, a first interference light beam being 
thereby obtained, 

v) measuring an intensity of the first interference 
light beam, 

vi) calculating an intensity of the first backward scat- 
tered light beam from the intensity of the first Inter- 
ference light beam, 

vii) causing a second backward scattered light 
beam of the signal light beam having been irradiat- 
ed to the eyeball, the second backward scattered 
light beam coming from an interface between the 
anterior aqueous chamber and the crystalline lens 
of the eyeball, and the reference light beam to in- 
terfere with each other by adjusting the optical path 
length of the reference light beam, a second inter- 
ference light beam being thereby obtained, 

viii) measuring an intensity of the second interfer- 
ence light beam, 

ix) calculating an intensity of the second backward 
scattered light beam from the intensity of the sec- 
ond Interference light beam, 

x) obtaining light absorption characteristics of con- 
stituents of the aqueous humor, which fills the an- 
terior aqueous chamber, from the intensity of the 
first backward scattered light beam and the intensity 
of the second backward scattered light beam, 

xi) obtaining light absorption characteristics of the 
constituents of the aqueous humor with respect to 
each of a plurality of other low coherence light 
beams, which are of wavelength bands different 
from the wavelength band of the low coherence light 
beam, in the same manner, and 

xii) calculating a concentration of glucose in the 
constituents of the aqueous humorfrom the light ab- 
sorption characteristics, which have been obtained 
with respect to the plurality of the low coherence 
light beams. 



[0018] In the first glucose concentration measuring 
method in accordance with the present invention, as the 
light source for producing each of the low coherence 
light beams, a super-luminescent diode (SLD), a light 

s emitting diode (LED), or the like, which produces a light 
beam having a coherence length of as short as approx- 
imately several tens of microns, may be employed. 
Practically, an SLD having a high directivity should pref- 
erably be used. 

10 [0019] The term "measuring an intensity of an inter- 
ference light beam" as used herein means the measure- 
ment of the intensity of the beat signal (i.e., the interfer- 
ence light beam), the intensity of which repeatedly be- 
comes high and low at a frequency equal to the differ- 

15 ence between the frequencies of the backward scat- 
tered light beam (I.e., the signal light beam) and the ref- 
erence light beam. 

[0020] In the first glucose concentration measuring 
method in accordance with the present invention, each 

20 of the low coherence light beams may be selected as a 
portion of light, which is of an emission wavelength band 
wider than the wavelength band of each low coherence 
light beam. Alternatively, each of the low coherence light 
beams may be radiated out of one of a plurality of dif- 

25 ferent light sources. 

[0021] In cases where a plurality of different light 
sources, which produce the low coherence light beams 
of different wavelength bands, are employed, the low 
coherence light beams may be radiated successively 

30 out of the plurality of the light sources, and the interfer- 
ence light beams corresponding to the low coherence 
light beams may be detected with a single photodetec- 
tor. 

[0022] The present invention also provides a second 
35 glucose concentration measuring method, comprising 
the steps of: 

I) splitting a coherent light beam (e.g., a laser 
beam), which has been radiated out of a predeter- 

40 mined light source and the frequency of which is 
swept temporally in a sawtooth-like form (e.g., as 
illustrated in Figure 6), into a signal light beam and 
a reference light beam, each of which travels along 
one of two different optical paths, 

45 ii) irradiating the signal light beam to the eyeball ly- 
ing at a predetermined position, 
iii) causing a first backward scattered light beam of 
the signal light beam, the first backward scattered 
light beam coming from an interface between the 

50 cornea and the anterior aqueous chamber of the 
eyeball, and the reference light beam to interfere 
with each other, the reference light beam being con- 
stituted of the coherent light beam, which has been 
radiated out of the light source with a difference in 

55 time in accordance with a difference between an op- 
tical path length of the signal light beam (traveling 
from the position, at which the signal light beam is 
split from the reference light beam, to the interface 
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between the comea and the anterior aqueous 
chamber of the eyeball) and the first backward scat- 
tered light beam (traveling from the Interface be- 
tween the comea and the anterior aqueous cham- 
ber of the eyeball to the position, at which the first s 
backward scattered light beam interferes with the 
reference light beam) and an optical path length of 
the reference light beam (traveling from the posi- 
tion, at which the reference light beam is split from 
the signal light beam, to the position, at which the 10 
reference light beam interferes with the first back- 
ward scattered light beam), and which has a differ- 
ence in frequency with respect to the first backward 
scattered light beam, a first interference light beam 
being thereby obtained, is 

iv) measuring an intensity of the first interference 
light beam, 

v) calculating an intensity of the first backward scat- 
tered light beam from the intensity of the first Inter- 
ference light beam, 20 

vi) causing a second backward scattered light beam 
of the signal light beam, the second backward scat- 
tered light beam coming from an interface between 
the anterior aqueous chamber and the crystalline 
lens of the eyeball, and the reference light beam to 25 
interfere with each other, the reference light beam 
being constituted of the coherent light beam, which 
has been radiated out of the light source with a dif- 
ference in time in accordance with a difference be- 
tween an optical path length of the signal light beam 30 
(traveling from the position, at which the signal light 
beam is split from the reference light beam, to the 
interface between the anterior aqueous chamber 
and the crystalline lens of the eyeball) and the sec- 
ond backward scattered light beam (traveling from 35 
the interface between the anterior aqueous cham- 
ber and the crystalline lens of the eyeball to the po- 
sition, at which the second backward scattered light 
beam interferes with the reference light beam) and 

an optical path length of the reference light beam *o 
(traveling from the position, at which the reference 
light beam is split from the signal light beam, to the 
position, at which the reference light beam inter- 
feres with the second backward scattered light 
beam), andwhich has a difference in frequency with « 
respect to the second backward scattered light 
beam, a second interference light beam being 
thereby obtained, 

vii) measuring an intensity of the second interfer- 
ence light beam, so 

viii) calculating an intensity of the second backward 
scattered light beam from the intensity of the sec- 
ond interference light beam, 

ix) obtaining light absorption characteristics of con- 
stituents of the aqueous humor, which fills the an- 55 
terior aqueous chamber, from the intensity of the 
first backward scattered light beam and the intensity 

of the second backward scattered light beam, 



x) obtaining light absorption characteristics of the 
constituents of the aqueous humor with respect to 
each of a plurality of other coherent light beamSj 
which have wavelengths different from the wave- 
length of the coherent light beam, in the same man- 
ner, and 

xi) calculating a concentration of glucose in the con- 
stituents of the aqueous humor from the light ab- 
sorption characteristics, which have been obtained 
with respect to the plurality of the coherent light 
beams. 

[0023] In the second glucose concentration measur- 
ing method in accordance with the present invention, the 
reference light beam, which is caused to interfere with 
the first backward scattered light beam, has a difference 
in frequency with respect to the first backward scattered 
light beam. The reasons for this will be described here- 
inbelow. 

[0024] The optical paths are set such that the sum of 
the length of the optical path, along which the signal light 
beam travels, and the length of the optical path, along 
which the first backward scattered light beam travels, 
may be different from the length of the optical path, 
along which the reference light beam travels. (The op- 
tical path length of the reference light beam may be 
shorter than the sum of the optical path lengths of the 
signal light beam and the first backward scattered light 
beam. 

Alternatively, the optical path length of the reference 
light beam may be longer than the sum of the optical 
path lengths of the signal light beam and the first back- 
ward scattered light beam.) Due to the difference in op- 
tical path length, for example, in cases where the optical 
path length of the reference light beam Is shorter than 
the sum of the optical path lengths of the signal light 
beam and the first backward scattered light beam, the 
reference light beam arrives at the position, at which the 
wavefront matching (the interference) is effected, with 
an earlier timing than the first backward scattered light 
beam does. 

[0025] Specifically, at the time at which the first back- 
ward scattered light beam arrives at the position of in- 
terference, the reference light beam, which was split 
from the signal light beam that formed the first backward 
scattered light beam, has already passed through the 
position of interference, and the reference light beam, 
which is a portion of the coherent light beam radiated 
out of the light source with a later timing than the signal 
light beam was, arrives at the position of interference. 
[0026] The frequency of the coherent light bearn, 
which is radiated out of the light source with a later timing 
than the signal light beam was, is swept temporally. 
Therefore, there is a slight difference in frequency be- 
tween the reference light beam, which is caused to in- 
terfere with the first backward scattered light beam, and 
the first backward scattered light beam. 
[0027] The reference. light beam, which is caused to 
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interfere with the second backward scattered light 
beam, has a frequency different from the frequency of 
the reference light beam, which is caused to interfere 
with the first backward scattered light beam. Specifical- 
ly, the first backward scattered light beam comes from 5 
the interface between the cornea and the anterior aque- 
ous chamber, and the second backward scattered light 
beam comes from the interface between the anterior 
aqueous chamber and the crystalline lens, the latter in- 
terface being located at a position in the eyeball deeper 
than the former interface. Therefore, a difference in 
time, which corresponds to the difference in optical path 
length between the first backward scattered light beam 
and the second backward scattered light beam (the dif- 
ference being two times as long as the thickness of the 
anterior aqueous chamber), occurs between when the 
first backward scattered light beam arrives at the posi- 
tion of interference and when the second backward 
scattered light beam arrives as the position of interfer- 
ence. As a result, the reference light beam, which is 
caused to interfere with the second backward scattered 
light beam, is the one constituted of a portion of the co- 
herent light beam, which is radiated out of the light 
source with a later timing than the reference light beam 
caused to interfere with the first backward scattered light 
beam is. 

[0028] In the second glucose concentration measur- 
ing method in accordance with the present invention, the 
coherent light beams may be selectively radiated out of 
a single light source. Alternatively, each of the coherent 30 
light beams may be radiated out of one of a plurality of 
different light sources. 

[0029] The present invention further provides a third 
glucose concentration measuring method, comprising 
the steps of: 35 

i) irradiating an ultrashort pulsed light beam, which 
has been radiated out of a predetermined light 
source, to the eyeball, 

ii) measuring each of an intensity of a first backward *o 
scattered light beam of the ultrashort pulsed light 
beam, the first backward scattered light beam com- 
ing from an interface between the cornea and the 
anterior aqueous chamber of the eyeball, and an 
intensity.of a second backward scattered light beam <5 
of the ultrashort pulsed light beam, the second 
backward scattered light beam coming from an in- 
terface between the anterior aqueous chamber and 

the crystalline lens of the eyeball, 

iii) obtaining light absorption characteristics of con- so 
stituents of the aqueous humor, which fills the an- 
terior aqueous chamber, from the intensity of the 
first backward scattered light beam and the intensity 

of the second backward scattered light beam, 

iv) obtaining light absorption characteristics of the 55 
constituents of the aqueous humor with respect to 
each of a plurality of other ultrashort pulsed light 
beams, which have wavelengths different from the 



wavelength of the ultrashort pulsed light beam, in 
the same manner, and 

v) calculating a concentration of glucose in the con- • 
stituents of the aqueous humor from the light ab- 
sorption characteristics, which have been obtained 
with respect to the plurality of the ultrashort pulsed 
light beams having different wavelengths. 

[0030] The term "ultrashort pulsed light beam" as 
used herein means the pulsed light beam, which is emit- 
ted for a very short time (e.g., on the order of femtosec- 
onds to picoseconds) such that the intensity of the first 
backward scattered light beam and the intensity of the 
second backward scattered light beam coming from the 
interface between the anterior aqueous chamber and 
the crystalline lenfe can at least be separated temporally 
and measured respectively. The ultrashort pulsed light 
beam may be produced by a mode locked Ti:sapphire 
laser, or the like. In cases where the ultrashort pulsed 
light beam is employed, the second backward scattered 
light beam, which lags behind the first backward scat- 
tered light beam by a length of time corresponding to 
the distance two times as long as the thickness of the 
anterior aqueous chamber, can be detected separately 
from the first backward scattered light beam by using a 
photodetector capable of effecting time resolution, such 
as a streak camera. 

[0031] In the third glucose concentration measuring 
method in accordance with the present invention, the 
ultrashort pulsed light beams may be selectively radiat- 
ed out of a single light source. Alternatively, each of the 
ultrashort pulsed light beams may be radiated out of one 
of a plurality of different light sources. 
[0032] The present invention still further provides a 
fourth glucose concentration measuring method, com- 
prising the steps of: 

with respect to concentrations of glucose in the 
constituents of the aqueous humor, which concentra- 
tions have been measured with the aforesaid first, sec- 
ond, or third glucose concentration measuring method 
in accordance with the present invention, invasively 
measuring the corresponding concentrations of glucose 
in the blood, correlation between the concentrations of 
glucose in the constituents of the aqueous humor and 
the concentrations of glucose in the blood being thereby 
determined previously, and 

thereafter non-invasively determining a concen- 
tration of glucose in the blood from a concentration of 
glucose in the constituents of the aqueous humor, which 
concentration Is newly measured with the aforesaid first, 
second, or third glucose concentration measuring meth-" 
od in accordance with the present invention, and the cor- 
relation. 

[0033] The present invention also provides an appa- 
ratus for carrying out the aforesaid first glucose concen- 
tration measuring method in accordance with the 
present invention. Specifically, the present invention al- 
so provides a first glucose concentration measuring ap- 
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paratus, comprising: 

i) a light source device for radiating out a plurality 
of low coherence light beams, which are of different 
emission wavelength bands, 5 

ii) an optical path splitting means for splitting each 
of the low coherence light beams, which has been 
radiated out of the light source device, into a signal 
light beam irradiated to the eyeball and a reference 
light beam, each of which travels along one of two io 
different optical paths, 

iii) a modulation means, which is located in at least 
..either one of the two different optica! paths and 

modulates at least either one of the signal light 
beam and the reference light beam such that a 
slight difference in frequency may occur between 
them, 

iv) an optical path length adjusting means for ad- 
justing the length of the optical path, along which 
the reference light beam travels, 

v) a wavefront matching means for 

matching a wave front of a first backward scat- 
tered light beam of the signal light beam having 
been irradiated to the eyeball, the first back- 
ward scattered light beam coming from an in- 
terface between the cornea and the anterior 
aqueous chamber of the eyeball, and a wave 
front of the reference light beam with each oth- 
er, and 

matching a wave front of a second backward 
scattered light beam of the signal light beam 
having been irradiated to the eyeball, the sec- 
ond backward scattered light beam coming 
from an interface between the anterior aqueous 
chamber and the crystalline lens of the eyeball; 
and a wave front of the reference light beam 
with each other, 



anterior aqueous chamber, from the intensity of the 
first backward scattered light beam and the intensity 
of the second backward scattered light beam, and 
ix) a glucose concentration calculating means for 
calculating a concentration of glucose In the con- 
stituents of the aqueous humor from the light ab- 
sorption characteristics, which have been obtained 
with respect to the plurality of the low coherence 
light beams. 

[0034] In the first glucose concentration measuring 
apparatus in accordance with the present invention, the 
light source device may comprise a single light source 
for radiating out low coherence light, which is of an emis- 
sion wavelength band wider than the wavelength band 
of each of the low coherence light beams, and a wave- 
length selecting means for selecting each of the low co- 
herence light beams with respect to the wavelength from 
the low coherence light, which is of the wide emission 
wavelength band. Alternatively, the light source device 
may comprise a plurality of light sources, each ofwhich 
radiates out one of the low coherence light beams. . 
[0035] The present invention further provides an ap- 
paratus for carrying out the aforesaid second glucose 
concentration measuring method in accordance with the 
present invention. Specifically, the present invention fur- 
ther provides a second glucose concentration measur- 
ing apparatus, comprising: 



30 i) a light source device for radiating out a plurality 
of coherent light beams, which have different wave- 
lengths and thefrequencies ofwhich are swept tem- 
porally in a sawtooth-like form (e.g., as illustrated in 
Figure 6), 

35 ji) an optical path splitting means for splitting each 
of the coherent light beams, which has been radiat- 
ed out of the light source device and the frequency 
of which is swept, into a signal light beam irradiated 
to the eyeball and a reference light beam, each of 
40 which travels along one of two different optical 
paths, 

iii) a wavefront matching means for 

matching a wave front of a first backward scat- 
45 tered light beam of the signal light beam, the 

first backward scattered light beam coming 
from an interface between the cornea and the 
anterior aqueous chamber of the eyeball, and 
a wave front of the reference light beam with 
so each other, the reference light beam being con- 

stituted of the coherent light beam, which has 
been radiated out of the light source device with 
a difference in time in accordance with a differ- 
ence between an optical path length of the sig- 
55 nal light beam and the first backward scattered 

light beam and an optical path length of the ref- 
erence light beam, and which has a difference 
in frequency with respect to the first backward 



vi) a photodetector for photoelectrically detecting an 
intensity of a first interference light beam, which is 
obtained from the matching of the wave front of the 
first backward scattered light beam and the wave 
front of the reference light beam with each other, 
and an intensity of a second interference light 
beam, which is obtained from the matching of the 
wave front of the second backward scattered light 
beam and the wave front of the reference light beam 
with each other, 

vli) a heterodyne operation means for calculating an 
intensity of the first backward scattered light beam 
from the Intensity of the first interference light beam, 
and calculating an intensity of the second backward 
scattered light beam from the intensity of the sec- 
ond interference light beam, 
viii) a light absorption characteristics analyzing 
means for obtaining light absorption characteristics 
of constituents of the aqueous humor, which fills the 



6 



11 



EP 0 807 812 B1 



12 



scattered light beam, and 
matching a wave front of a second backward 
scattered light beam of the signal light beam, 
the second backward scattered light beam 
coming from an Interface between the anterior 
aqueous chamber and the crystalline lens of 
the eyeball, and a wave front of the reference 
light beam with each other, the reference light 
beam being constituted of the coherent light 
beam, which has been radiated out of the light 
source device with a difference in time in ac- 
cordance with a difference between an optical 
path length of the signal light beam and the sec- 
ond backward scattered light beam and an op- 
tical path length of the reference light beam, 
and which has a difference in frequency with 
respect to the second backward scattered light 
beam, 

iv) a photodetectorfor photoelectrically detecting an 
intensity of a first interference light beam, which is 
obtained from the matching of the wave front of the 
first backward scattered light beam and the wave 
front of the reference light beam, the reference light 
beam having the slight difference in frequency with 
respect to the first backward scattered light beam, 
with each other, and an intensity of a second inter- 
ference light beam, which is obtained from the 
matching of the wave front of the second backward 
scattered light beam and the wave front of the ref- 
erence light beam, the reference light beam having 
the slight difference in frequency with respect to the 
second backward scattered light beam, with each 
other, 

v) a heterodyne operation means for calculating an 
intensity of the first backward scattered light beam 
from the intensity of the first interference light beam, 
and calculating an intensity of the second backward 
scattered light beam from the intensity of the sec- 
ond interference light beam, 

vi) a light absorption characteristics analyzing 
means for obtaining light absorption characteristics 
of constituents of the aqueous humor, which fills the 
anterior aqueous chamber, from the intensity of the 
first backward scattered light beam and the intensity 
of the second backward scattered light beam, and 

vii) a glucose concentration calculating means for 
calculating a concentration of glucose in the con- 
stituents of the aqueous humor from the light ab- 
sorption characteristics, which have been obtained 
with respect to the plurality of the coherent light 
beams. 

[0036] In the second glucose concentration measur- 
ing apparatus in accordance with the present invention, 
the light source device may comprise a single light 
source capable of selectively radiating out each of the 
plurality of the coherent light beams, and a control 



means for controlling the light source such that the light 
source may selectively radiate out one of the plurality of 
the coherent light beams. Alternatively, the light source 
device may comprise a plurality of light sources, each 

s of which radiates out one of the coherent light beams. 
[0037] The present invention still further provides an 
apparatus for carrying out the aforesaid third glucose 
concentration measuring method in accordance with the 
present invention. Specifically, the present invention still 

10 further provides a third glucose concentration measur- 
ing apparatus, comprising: 

I) a light source device for radiating out a plurality 
of ultrashort pulsed light beams, which have differ- 

is ent wavelengths, 

ii) an optical time-domain backward scattering 
measurement means for irradiating the ultrashort 
pulsed light beam to the eyeball, and carrying out 
time series measurement of each of an intensity of 

20 a first backward scattered light beam of the ul- 
trashort pulsed light beam, the first backward scat- 
tered light beam coming from an interface between 
the cornea and the anterior aqueous chamber of the 
eyeball, and an intensity of a second backward 

25 scattered light beam of the ultrashort pulsed light 
beam, the second backward scattered light beam 
coming from an interface between the anterior 
aqueous chamber and the crystalline lens of the 
eyeball, 

30 iii) a . light absorption characteristics analyzing 
means for obtaining light absorption characteristics 
of constituents of the aqueous humor, which fills the 
anterior aqueous chamber, from the intensity of the 
first backward scattered light beam and the intensity 

35 of the second backward scattered light beam, and 
iv) a glucose concentration calculating means for 
calculating a concentration of glucose In the con- 
stituents of the aqueous humor from the light ab- 
sorption characteristics, which have been obtained 

40 with respect to the plurality of the ultrashort pulsed 
light beams having different wavelengths. 

[0038] In the third glucose concentration measuring 
apparatus in accordance with the present invention, the 

45 ijght source device may comprise a single light source 
capable of selectively radiating out each of the plurality 
of the ultrashort pulsed light beams, and a control 
means for controlling the light source such that the light 
source may selectively radiate out one of the plurality of 

so the ultrashort pulsed light beams. Alternatively, the light 
source device may comprise a plurality of light sources, 
each of which radiates out one of the ultrashort pulsed 
light beams. 

[0039] The present invention also provides a fourth 
55 glucose concentration measuring apparatus, compris- 
ing a table representing correlation between concentra- 
tions of glucose in the constituents of the aqueous hu- 
mor, which concentrations have been measured with 
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the aforesaid first, second, or third glucose concentra- 
tion measuring apparatus in accordance with the 
present invention, and concentrations of glucose in the 
blood, which have been measured previously, 

wherein a concentration of glucose in the blood is 
non-invasively determined from a concentration of glu- 
cose in the constituents of the aqueous humor, which 
concentration is newly measured with the aforesaid first, 
second, or third glucose concentration measuring appa- 
ratus in accordance with the present invention, and the 
table. 

[0040] With the first and second glucose concentra- 
tion measuring methods and the first and second glu- 
cose concentration measuring apparatuses in accord- 
ance with the present invention, wherein the optical het- 
erodyne backward .scattering measurement technique 
is employed, each of an intensity l R2 of the weak first 
backward scattered light beam of the incident light 
beam, the first backward scattered light beam coming 
from the interface between the cornea and the anterior 
aqueous chamber, and an intensity l R3 of the weak sec- 
ond backward scattered light beam of the incident light 
beam, the second backward scattered light beam com- 
ing from the interface between the anterior aqueous 
chamber and the crystalline lens, can be detected ac- 
curately. 

[0041] As illustrated in Figure 2, the intensity of the 
incident light beam impinging upon the eyeball is repre- 
sented by l 0 . The reflectivity of the interface between air 
and the cornea is represented by R 1f the reflectivity of 
the interface between the cornea and the anterior aque- 
ous chamber is represented by R 2 , and the reflectivity 
of the interface between the anterior aqueous chamber 
and the crystalline lens is represented by R 3 . Also, the 
optical absorbance of the cornea with respect to the in- 
cident light beam along one way of the optical path is 
represented by a v and the optical absorbance of the 
anterior aqueous chamber (the aqueous humor) with re- 
spect to the incident light beam along one way of the 
optical path is represented by o^. In such cases, the in- 
tensity l R2 of the first backward scattered light beam and 
the intensity l R3 of the second backward scattered light 
beam may be represented by Formulas (1) and (2) 
shown below. 

Ir2=1 0 (1-Ri) 2 R2( 1 ^i) 2 fl> 

"r3=I 0 (1 -*i) 2 (1 -R 2 ) 2 R3(1 -a, ) 2 (1 -a 2 ) 2 (2) 

[0042] The ratio (l R3 /l R2 ) of the intensity of the sec- 
ond backward scattered light beam to the intensity 1^ 
of the first backward scattered light beam, each intensity 
having been detected accurately, may be represented 
by Formula (3) shown below. 



I R3 /1 R2 =(R 3 /R 2 )(1-R 2 ) 2 (1.a 2 ) 2 (3) 

Since t^, l R2 , R 3 , and R2 are already known, the optical 
5 absorbance of the aqueous humor with respect to the 
incident light beam along one way of the optical path 
can be calculated from them. 

[0043] Besides glucose, the aqueous humor contains 
a plurality of other constituents, such as NaCi. There- 
to fore, the operation described above is carried out re- 
peatedly for a plurality of the incident light beams having 
different wavelengths, and known near-infrared spec- 
troscopy including a multivariate analysis is utilized. In 
this manner, the concentration of glucose alone in the 
'5 aqueous humor can be determined. 

[0044] For each patient, the correlation between the 
concentrations of glucose in the aqueous humor, which 
have thus been obtained non-invasively, and the con- 
centrations of glucose in the blood, which have been ob- 
tained invasively in accordance with the conventional 
procedure, is prepared as, for example, a conversion 
table. After the correlation is prepared, the concentra- 
tion of glucose in the blood need not be measured, and 
only the concentration of glucose in the aqueous humor 
may be measured non-invasively. Therefore, measure- 
ments can be made at a high repeatability without giving 
the patient pain. 

[0045] With the third glucose concentration measur- 
ing method and the third glucose concentration meas- 
uring apparatus in accordance with the present inven- 
tion, as illustrated in Figure 8, the intensity of the first 
backward scattered light beam and the intensity of the 
second backward scattered light beam can be meas- 
ured respectively such that they may be separated tem- 
porally. The amounts of the first backward scattered light 
beam and the second backward scattered light beam, I. 
e. I R2 of Formula (1) shown above and l^ of Formula 
(3) shown above, can be calculated by integrating the 
corresponding wave forms shown in Figure 8 with re- 
spect to time. 

[0046] Therefore, the optical absorbance o^ of the 
aqueous humor with respect to the incident light beam 
along one way of the optical path can be calculated with 
Formula (3) shown above. 

[0047] Also, as in the aforesaid glucose concentration 
measuring methods and apparatuses in accordance 
with the present invention, the operation described 
above is carried out repeatedly for a plurality of the in- 
cident light beams having different wavelengths, and 
known near-infrared spectroscopy including a multivar- 
iate analysis is utilized. In this manner, the concentration 
of glucose alone in the aqueous humor can be deter- 
mined. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0048] 

Figure 1 is a block diagram showing a fundamental 
constitution of an apparatus for carrying out the first 
glucose concentration measuring method in ac- 
cordance with the present invention, 
Figure 2 is an explanatory view showing relation- 
ship between an incident light beam impinging upon 
the eyeball and backward scattered light beamSi 
Figure 3 is a schematic view showing an embodi- 
ment of the apparatus for carrying out the first glu- 
cose concentration measuring method in accord- 
ance with the present invention, 
Figure 4A is a schematic view showing a different 
example of a light source device, which may be em- 
ployed in the embodiment of Figure 3, 
Figure 4B is a schematic view showing a different 
example of a light source device, which may be em- 
ployed in an embodiment of Figure 5, 
Figure 5 is a schematic view showing an embodi- 
ment of an apparatus for carrying out the second 
glucose concentration measuring method in ac- 
cordance with the present invention, 
Figure 6 is a graph showing a frequency sweeping 
pattern, 

Figure 7 is a schematic view showing an embodi- 
ment of an apparatus for carrying out the third glu- 
cose concentration measuring method in accord- 
ance with the present invention, and 
Figure 8 is a graph showing intensities of light 
beams detected with a photodetector capable of ef- 
fecting time resolution. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0049] The present invention will hereinbelow be de- 
scribed in further detail with reference to the accompa- 
nying drawings. 

[0050] Figure 1 shows a fundamental constitution of 
an apparatus for carrying out the first glucose concen- 
tration measuring method in accordance with the 
present invention. 

[0051] With reference to Figure 1, the glucose con- 
centration measuring apparatus comprises a light 
source device 1 0 for radiating out low coherence light 
beams, which are of a plurality of different wavelength 
bands and have a coherence length on the order of sev- 
eral tens of microns. The glucose concentration meas- 
uring apparatus also comprises an optical heterodyne 
measurement means 20 for irradiating the low coher- 
ence light beam, which has been radiated out of the light 
source device 1 0, to the eyeball 1 00, and measuring the 
intensity of a first backward scattered light beam of the 
incident light beam, the first backward scattered light 
beam coming from the interface between the cornea 1 1 0 



and the anterior aqueous chamber 120 of the eyeball 
100, and the intensity of a second backward scattered 
light beam of the incident light beam, the second back- 
ward scattered light beam coming from the interface be- 
s tween the anterior aqueous chamber 1 20 and the crys- 
talline lens 130 of the eyeball 100, with an optical het- 
erodyne backward scattering measurement technique. 
The glucose concentration measuring apparatus further 
comprises a light absorption characteristics analyzing 
10 means 30 for obtaining an optical absorbance of con- 
stituents of the aqueous humor, which fills the anterior 
aqueous chamber 120, with respect to the incident light 
beam, which has a certain wavelength, in accordance 
with the intensity of the first backward scattered light 
beam and the intensity of the second backward scat- 
tered light beam. The glucose concentration'measuring 
apparatus still further comprises a glucose concentra- 
tion calculating means 40 for calculating a concentration 
of glucose in the constituents of the aqueous humor 
from a plurality of optical absorbances, which have been 
obtained respectively for the light beams of different 
wavelengths having been radiated out of the light source 
device 10, by utilizing known near-infrared spectrosco- 
py including multivariate analysis. . 
[0052] Figure 3 shows an embodiment of the appara- 
tus of Figure 1 for carrying out the first glucose concen- 
tration measuring method in accordance with the 
present invention. 

[0053] As the light source device 10 shown in Figure 
1 , the glucose concentration measuring apparatus of 
Figure 3 comprises a plurality of light sources, i.e. an 
SLD 11a for radiating out a low coherence light beam, 
which is of a broad wavelength band and has a center 
wavelength of X1, an SLD 11b for radiating out a low 
coherence light beam, which is of a broad wavelength 

band and has a center wavelength of X2 an SLD 1 1 x 

for radiating out a low coherence light beam, which is of 
a broad wavelength band and has a center wavelength 
of Xn. Also, in the glucose concentration measuring ap- 
paratus of Figure 3, the optical heterodyne measure- 
ment means 20 shown in Figure 1 comprises four beam 
splitters 21 a, 21 b, 21c, and 21 d for splitting each of the 
low coherence light beams, which has been radiated out 
of the light source device 10, into a signal light beam 
and a reference light beam, each of which travels along 
one of two different optical paths, and matching the 
wave fronts of the two light beams with each other. The 
optical heterodyne measurement means 20 also com- 
prises acousto-optic modulators 25a and 25b for re- 
spectively modulating the signal light beam and the ref- 
erence light beam such that a slight difference in fre- 
quency At may occur between the two light beams, and 
a reflection mirror 27, which can move along the optical 
axis direction and adjusts the length of the optical path, 
along which the reference light beam travels. The optical 
heterodyne measurement means 20 further comprises 
a photodetector 28 for detecting an intensity of an inter- 
ference light beam, which is obtained from the matching 
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of the wave front of a backward scattered light beam of 
the signal light beam having been guided to the eyeball 
1 00 and the wave front of the reference, light beam with 
each other. The optical heterodyne measurement 
means 20 still further comprises a heterodyne operation 
means 29 for calculating an intensity of the backward 
scattered light beam from the intensity of the interfer- 
ence light beam by utilizing the optical heterodyne back- 
ward scattering measurement technique. 
[0054] The SLDs 1 1 a, 1 1 b 1 1 x successively radi- 
ate out the low coherence light beams. As for the mod- 
ulation, both of the signal light beam and the reference 
light beam need not necessarily be modulated as in this 
embodiment. It is sufficient for at least either one of the 
signal light beam and the reference light beam to be 
modulated such that a slight difference in frequency may 
occur between the two light beams. 
[0055] How this embodiment of the glucose concen- 
tration measuring apparatus in accordance with the 
present invention operates will be described hereinbe- 
low. 

[0056] Firstly, the SLD 1 1 a radiates out the low coher- 
ence light beam, which has a center wavelength of M . 
At this time, the other light sources do not radiate out 
the light beams: The low coherence light beam having 
been radiated out of the SLD 1 1 a is split by the first beam 
splitter 21a, which is located in the optical path, into the 
signal light beam and the reference light beam. The sig- 
nal light beam and the reference light beam are respec- 
tively modulated by the acousto-optic modulators 25a 
and 25b, which are located in the optical paths of the 
two light beams, and the slight difference in frequency 
Af is thereby caused to occur between the two light 
beams. 

[0057] Of the two modulated light beams, the signal 
light beam passes through the beam splitter 21b and 
impinges upon the eyeball 100. 
[0058] The signal light beam impinging upon the eye- 
ball 100 is classified into four light beams described in 
® ,<D,® ,and@ below. 

® The light beam reflected from the interface be- 
tween air and the cornea 110. 
© The light beam reflected from the interface be- 
tween the cornea 110 and the anterior aqueous 
chamber 120. 

(D The light beam reflected from the interface be- 
tween the anterior aqueous chamber 120 and the 
crystalline lens 130. 

@ The light beam passing through the crystalline 
lens 130. 

[0059] Of these light beams, the light beams de- 
scribed in® , © , and® emanate as backward scat- 
tered light beams from the eyeball 100 reversely from 
the direction of travel of the incident signal light beam. 
[0060] Each of the backward scattered light beams 
emanating from the eyeball 1 00 is reflected by the beam 



splitter 21 b and passes through the beam splitter 21 d. 
[0061] The reference light beam having been modu- 
lated is reflected by the beam splitter 21c and impinges 
upon the mirror 27. The reference light beam is then re- 
5 fleeted from the mirror 27 and again impinges upon the 
beam splitter 21c. The reference light beam passes 
through the beam splitter 21c and is reflected by the 
beam splitter 21 d. 

[0062] At this time, the length of the optical bath, along 

io which the reference light beam travels before arriving at 
the beam splitter 21 d, can be changed by moving the 
mirror 27 in its optical axis direction (along one of the 
directions indicated by the double headed arrow X). 
[0063] The reference light beam, the signal light beam 

*s impinging upon the eyeball 1 00, and the backward scat- 
tered light beams emanating from the eyeball 100 are 
the low coherence light beams having a short coherence 
length. Therefore, of the three backward scattered light 
beams described above, only the backward scattered 

20 light beam, which satisfies the condition, such that the 
sum of the distance of passage as the signal light beam 
and the distance of passage as the backward scattered 
light beam to the arrival at the beam splitter 21 d may be 
approximately equal to the distance of passage of the 

25 reference light beam to the arrival at the beam splitter 
21 d, interferes with the reference light beam. As a result, 
a beat signal occurs, the intensity of which repeatedly 
becomes high and low at a frequency equal to the dif- 
ference in frequency (Af) between the backward scat- 

30 tered light beam and the reference light beam interfering 
with each other. 

[0064] Specifically, the interference occurs when the 
conditions described below are satisfied. 

35 (1 ) When the backward scattered light beam described 
in® and the reference light beam interfere with each 
other 

, [0065] The sum of the distance between the beam 
40 splitter 21 a and the beam splitter 21 b, two times the dis- 
tance between the beam splitter 21 b and the air/cornea 
interface, and the distance between the beam splitter 
21b and the beam splitter 21 d is approximately equal to 
the sum of the distance between the beam splitter 21 a 
45 and the beam splitter 21c, two times the distance be- 
tween the beam splitter 21 c and the mirror 27, and the 
distance between the beam splitter 21c and the beam 
splitter 21 d. 

50 (2) When the backward scattered light beam described 
. in© and the reference light beam interfere with each 
other: 

[0066] The sum of the distance between the beam 
55 splitter 21 a and the beam splitter 21 b, two times the dis- 
tance between the beam splitter 21b and the cornea/ 
anterior aqueous chamber interface, and the distance 
between the beam splitter 21 b and the beam splitter 21 d 
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is approximately equal to the sum of the distance be- 
tween the beam splitter 21a and the beam splitter 21c, 
two times the distance between the beam splitter 21c 
and the mirror 27, and the distance between the beam 
splitter 21c and the beam splitter 21 d. 

(3) When the backward scattered light beam described 
in® and the reference light beam interfere with each 
other: 

[0067] The sum of the distance between the beam 
splitter 21 a and the beam splitter 21 b, two times the dis- 
tance between the beam splitter 21b and the anterior 
aqueous chamber/crystalline lens interface, and the dis- 
tance between the beam splitter 21 b and the beam split- 
ter 21 d is approximately equal to the sum of the distance 
between the beam splitter 21a and the beam splitter 
21c, two times the distance between the beam splitter 
21c and the mirror 27, and the distance between the 
beam splitter 21c and the beam splitter 21 d. 
[0068] Therefore, the mirror 27, which is firstly located 
at a position close to the beam splitter 21c, is moved 
little by little in the direction heading away from the beam 
splitter 21c and to a position, at which the beat signal 
due to the interference of the backward scattered light 
beam of the signal light beam, the backward scattered 
light beam coming from the interface between air and 
the cornea 110, and the reference light beam with each 
other is detected with the photodetector 28. 
[0069] When the mirror 27 is further moved in the di- 
rection heading away from the beamsplitter 21c, the oc- 
currence of the beat signal ceases. When the mirror 27 
is moved even further, a beat signal is again detected 
by the photodetector 28. The second beat signal is 
caused to occur by the interference of the backward 
scattered light beam (hereinbelow referred to as the first 
backward scattered light beam) of the signal light beam, 
the first backward scattered light beam coming from the 
interface between the cornea 1 1 0 and the anterior aque- 
ous chamber 120, and the reference light beam with 
each other. The second beat signal occurs when the mir- 
ror 27 has been moved by a length equal to the thick- 
ness of the cornea 110 from the position, at which the 
first beat signal was detected. 
[0070] The beat signal occurring due to the interfer- 
ence of the first backward scattered light beam and the 
reference light beam with each other is taken as a first 
interference light beam, and its intensity Bpg is detected 
by the photodetector 28. 

[0071] When the mirror 27 is further moved in the di- 
rection heading away from the beam splitter 21c, the oc- 
currence of the beat signal ceases. When the mirror 27 
is moved even further, a third beat signal is detected by 
the photodetector 28. The third beat signal is caused to 
occur by the interference of the backward scattered light 
beam (hereinbelow referred to as the second backward 
scattered light beam) of the signal light beam, the sec- 
ond backward scattered light beam coming from the in- 



terface between the anterior aqueous chamber 1 20 and 
the crystalline lens 130, and the reference light beam 
with each other. The third beat signal occurs when the 
mirror 27 has been moved by a length equal to the thick- 
s ness of the anterior aqueous chamber 1 20 from the po- 
sition, at which the second beat signal was detected. 
[0072] The beat signal occurring due to the interfer- 
ence of the second backward scattered light beam and 
the reference light beam with each .other is taken as a 
10 second interference light beam, and its intensity Bp^ is 
detected by the photodetector 28. 
[0073] The intensities and B^ of the two beat sig- 
nals having been obtained in the manner described 
above are converted into electric signals, and the elec- 
ts trie signals are fed into the heterodyne operation means 
29. The heterodyne operation means 29 calculates the 
intensity l R2 of the first backward scattered light beam 
and the intensity l R3 of the second backward scattered 
light beam from the received electric signals. 
20 [0074] Specifically, the intensity B R2 of .the first inter- 
ference light beam Is the square root of the product of 
the intensity l R2 of the first backward scattered light 
beam and the intensity of the reference light beam. Also, 
the intensity B R3 of the second interference light beam 
25 is the square root of the product of the intensity of 
the second backward scattered light beam and the in- 
tensity of the reference light beam. As the intensity of 
the reference light beam, a value having been measured 
previously may be employed. As a result, the intensity 
so | R2 of the first backward scattered light beam and the 
intensity l R3 of the second backward scattered light 
beam can be calculated. 

[0075] How the light absorption characteristics ana- 
lyzing means 30 operates will be described hereinbelow 

35 with reference to Figure 2. 

[0076] As illustrated in Figure 2, the intensity of the 
signal light beam serving as the incident light beam im- 
pinging upon the eyeball 100 is represented by l 0 . The 
, reflectivity of the interface between air and the cornea 

40 1 1 o is represented by R 1 , the reflectivity of the interface 
between the cornea 110 and the anterior aqueous 
chamber 120 is represented by R 2 , and the reflectivity 
of the interface between the anterior aqueous chamber 
120 and the crystalline lens 130 is represented by R 3 . 

45 Also, the optical absorbance of the cornea 110 with re- 
spect to the incident light beam along one way of the 
optical path is represented by a 1t and the optical ab- 
sorbance of the anterior aqueous chamber (the aque- 
ous humor) 120 with respect to the incident light beam 

so along one way of the optical path is represented by o^. 
In such cases, the intensity l re of the first backward scat- 
tered light beam and the intensity l R3 of the second 
backward scattered light beam may be represented by 
Formulas (1) and (2) shown below. 

55 

|r2=Io(1-Ri) 2 R 2 0-«i) 2 ( 1 ) 
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Ir3=W 1 - R 1 ) 2 < 1 -R 2 ) 2 R 3 (1 *h ) 2 < 1 -«2) 2 ( 2 ) 

[0077J As will be understood from Figure 2 and For- 
mula (2), the intensity of the second backward scat- 5 
tered light beam depends upon both of the optical ab- 
sorbance of the aqueous humor 120 and the optical 
absorbance a<| of the cornea 110. 
[0078] The light absorption characteristics analyzing 
means 30 calculates the ratio Or^'f^) °* * ne intensity 
l R3 of the second backward scattered light beam to the 
intensity l R2 of the first backward scattered light beam. 
The calculation is made with Formula (3) shown below. 

lR 3 /lR2=(R3/R2)(1* R 2) 2 ( 1 -a2) 2 ( 3 ) 

[0079] The values of l R3 and l R2 have been calculated 
accurately by the heterodyne operation means 29, and 
R 3 and R 2 are already known. Therefore, the optical ab- 
sorbance CL2 of the aqueous humor 120 alone can be 
calculated from them. . 

[0080] Besides glucose, the aqueous humor 1 20 con- 
tains a plurality of other constituents, such as NaCI. 
Therefore, the concentration of glucose in the aqueous 
humor 120 cannot be determined only from the optical 
absorbance 0% of the aqueous humor 120, which has 
been obtained with the incident light beam having the 
wavelength M . [The optical absorbance a 2 of the aque- 
ous humor 120, which has been obtained with the inci- 
dent light beam having the wavelength A.1 , will herein- 
below be represented by 02(1).] 
[0081] Therefore, secondly, the second SLD 11b ra- 
diates out the low coherence light beam, which has a 
center wavelength of X2. At this time, the other SLDs, 
including the first SLD 11a, do not radiate out the light 
beams. 

[0082] As in the low coherence light beam having the 
wavelength of M described above, the low coherence 
light beam having a center wavelength of X2, which has 
been radiated out of the SLD 11b, is split by the first 
beam splitter 21a, which is located in the optical path, 
into the signal light beam and the reference light beam. 
The signal light beam impinges upon the eyeball 100, 
and the reference light beam is reflected by the mirror 
27. Interference light beams are thereby obtained at the 
beam splitter 21 d. By the same effects of the photode- 
tector 28, the heterodyne operation means 29, and the 
light absorption characteristics analyzing means 30 as 
those described above, an optical absorbance 02(2) of 
the aqueous humor 120 with respect to the second in- 
cident light beam having the center wavelength of X2 is 
obtained. 

[0083] The same operation as that described above 
is repeated with respect to the SLD 11c, .... SLD 11x. In 
this manner, the optical absorbances 0^(1 ), 0^(2), .... 02 
(n) of the aqueous humor 120 with respect to a plurality 



of the incident light beams having the wavelengths of 
JL1 , X2, .... Xn can be obtained. 
[0084] The information representing the optical ab- 
sorbances 02(1), 0^(2), .... a^n), which have thus been 
obtained with respect to the incident light beams having 
different wavelengths, is fed into the glucose concentra- 
tion calculating means 40. The glucose concentration 
. calculating means 40 determines the concentration of 
glucose In the aqueous humor 120, which contains a 
plurality of constituents, from the plurality of the optical 
absorbances by utilizing the known near-infrared spec- 
troscopy including the multivariate analysis. 
[0085] In this manner, with this embodiment of the glu- 
cose concentration measuring apparatus in accordance 
with the present invention, the concentration of glucose 
in the aqueous humor can be measured non-invasive ly 
and accurately. 

[0086] For each patient, the correlation between the 
concentrations of glucose in the aqueous humor, which 
have thus been obtained with the glucose concentration 
measuring apparatus In accordance with the present in- 
vention, and the concentrations of glucose in the blood, 
which have been obtained invasively in accordance with 
the conventional procedure, is prepared as, for exam- 
ple, a conversion table. The information representing 
the conversion table is stored in a memory 52 of an 
aqueous humor glucose concentration-to-blood glu- 
cose concentration converting means 50. When infor- 
mation representing the concentration of glucose in the 
aqueous humor of a certain patient is fed from the glu- 
cose concentration measuring apparatus described 
above into the aqueous humor glucose concentration- 
to-blood glucose concentration converting means 50, a 
converting operation means 51 of the aqueous humor 
glucose concentration-to-blood glucose concentration 
converting means 50 refers to the conversion table, 
which is stored in the memory 52, and feeds out the in- 
formation representing the concentration of glucose in 
the blood, which corresponds to the concentration of 
glucose in the aqueous humor of the patient. In such 
cases, after the conversion table is prepared, the con- 
centration of glucose in the aqueous humor is measured 
non-invasively with the glucose concentration measur- 
ing apparatus described above, and the corresponding 
concentration of glucose in the blood can be calculated 
from the measured concentration of glucose in the 
aqueous humor and the conversion table. Accordingly, 
the concentration of glucose in the blood can be deter- 
mined non-ihvasively. 

[0087] In the embodiments, which will be described 
later, the aqueous humor glucose concentration-to- 
blood glucose concentration converting means 50 may 
be provided, and the same effects as those described 
above can thereby be obtained. 
[0088] In the aforesaid embodiment of the glucose 
concentration measuring apparatus in accordance with 
the present invention, the light source device 10 com- 
prising a plurality of the light sources 11a, 11b, 11x, 
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which radiate outthe light beams of different wavelength 
bands, is employed. However, the first glucose concen- 
tration measuring method and apparatus in accordance 
with the present invention are not limited to the use of a 
plurality of light sources. For example, as illustrated in s 
Figure 4A, the light source device 1 0 may be constituted 
of a single light source 1 1 for radiating out low coherence 
light, which is of a wide emission wavelength band con- 
taining all of the wavelength bands of the aforesaid low 
coherence light beams, and a wavelength selecting 10 
means 1 2 for selecting each of the aforesaid low coher- 
ence light beams (which is of a predetermined wave- 
length band) from the low coherence light, which is of 
the wide emission wavelength band and has been radi- 
ated out of the light source 11 . *5 
[0089] The aforesaid embodiment is designed for 
non-invasively determining the concentration of glucose 
in the blood by utilizing the non-invasively measured 
concentration of glucose in the aqueous humor. The 
aforesaid embodiment also serves as an embodiment 20 
of the fourth glucose concentration measuring method 
and apparatus in accordance with the present invention. 
[0090] Figure 5 shows an embodiment of an appara- 
tus for carrying out the second glucose concentration 
measuring method in accordance with the present in- 25 
vention. 

[0091] The constitution of the glucose concentration 
measuring apparatus shown in Figure 5 is basically sim- 
ilar to the constitution of Figure 1 . In the glucose con- 
centration measuring apparatus shown in Figure 5, a 30 
light source device 10' is employed in lieu of the light 
source device 10 shown in Figure 1. The light source 
device 1 0' comprises a light source 1 1 a 1 for radiating out 
a laser beam having a wavelength VI , a light source 1 1 b' 
for radiating out a laser beam having a wavelength 35 
I2 t .... a light source 11x' for radiating out a laser beam 
having a wavelength Xn, and a frequency sweep means 
1 3, which receives each of the laser beams and tempo- 
rally sweeps the frequency of the laser beam in a saw- 
tooth-like form with a predetermined band as Illustrated *o 
in Figure 6. In this embodiment, the laser beams are em- 
ployed as coherent light beams. However, in the second 
glucose concentration measuring method and appara- 
tus in accordance with the present invention, any of oth- 
er kinds of coherent light beams may be employed. *s 
[0092] Also, in the glucose concentration measuring 
apparatus of Figure 5, the optical heterodyne measure- 
ment means 20 shown in Figure 1 comprises a beam 
splitter 23, a reflection plate 26 serving as an optical path 
splitting means and a wavefront matching means, a so 
photodetector 28, and a heterodyne operation means 
29' for calculating the intensity of a backward scattered 
light beam from the intensity of an interference light 
beam. 

[0093] The laser beam, which has been radiated out 55 
of the light source device 1 0' and the frequency of which 
has been swept by the frequency sweep means 13, 
passes through the beam splitter 23 and impinges upon 



the eyeball 1 00. The reflection plate 26 matches a wave 
front of a backward scattered light beam ot the laser 
beam having been irradiated to the eyeball 100, the 
backward scattered light beam coming from each reflec- 
tion surface, and a wave front of a laser beam (a refer- 
ence light beam) radiated out of the light source device 
1 0' with a time lag behind the aforesaid laser beam hav- 
ing been irradiated to the eyeball 100, the laser beam 
(the reference light beam) having a slight difference in 
frequency with respect 'to the backward scattered light 
beam and having been reflected from a reflection sur- 
face 26a of the reflection plate 26, with each other. An 
interference light beam is caused to occur by the wave- 
front matching. 

[0094] The photodetector 28 detects the intensity of 
the interference light beam, which has been caused to 
occur by the matching of the wave front of the backward 
scattered light beam and the wave front of the laser 
beam (the reference light beam) radiated out of the light 
source device 10' with a time lag behind.the aforesaid 
laser beam having been irradiated to the eyeball 100, 
the laser beam (the reference light beam) arriving at the 
reflection plate 26 at the same time as the backward 
scattered light beam and reflected. 
[0095] The heterodyne operation means 29' calcu- 
lates the intensity of the backward scattered light beam 
from the Intensity of the interference light beam, which 
intensity has been detected by the photodetector 28, by 
utilizing the optical heterodyne backward scattering 
measurement technique. 

[0096] Though not shown in Figure 5, this embodi- 
ment of the glucose concentration measuring apparatus 
is also provided with the light absorption characteristics 
analyzing means 30 and the glucose concentration cal- 
culating means 40, which are shown In Figures 1 and 3. 
The effects of the light absorption characteristics ana- 
lyzing means 30 and the glucose concentration calcu- 
lating means 40 are the same as those described above 
with reference to Figure 1 or Figure 3. 
[0097] How this embodiment of the glucose concen- 
tration measuring apparatus operates will be described 
hereinbelow. 

[0098] Firstly, the laser beam having a wavelength M 
is produced by the light source 11a'. The frequency of 
the laser beam is swept by the frequency sweep means 
13 of the light source device 10', and the laser beam Is 
radiated out of the light source device 1 0'. As illustrated 
in Figure 6, the frequency of the laser beam, which is 
radiated out of the light source device 1 0' at the time to, 
is represented by f 0 . 

[0099] The light beam (the laser beam) having the fre- 
quency f 0 ,. which has been radiated out of the light 
source device 1 0', passes through the beam splitter 23, 
which is located in the optical path, and impinges upon 
the reflection plate 26. The reflection surface 26a of the 
reflection plate 26 is formed as a semi-transparent mir- 
ror. Therefore, the reflection surface 26a reflects a por- 
tion of the incident light beam and allows the remainder 
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of the incident light beam to pass therethrough. The re- 
flected light beam serves as the reference light beam, 
and the light beam having passed through the reflection 
surface 26a serves as the signal tight beam. 
[0100] Therefore, a portion of the light beam having s 
the frequency f 0 is reflected from the reflection surface 
26a, and the remainder of the light beam passes through 
the reflection surface 26a. 

[01 01 ] The light beam having the frequency f 0 , which 
has passed through the reflection surface 26a, impinges 
upon the eyeball 100. The light beam impinging upon 
the eyeball 1 00 is classified into four light beams de- 
scribed in® ,© ,© , and® below. 

® The light beam reflected from the interface be- 
tween air and the cornea 110. 
© The light beam reflected from the interface be- 
tween the cornea 110 and the anterior aqueous 
chamber 120. 

® The light beam reflected from the interface be- 
tween the anterior aqueous chamber 120 and the 
crystalline lens 130. 

® The light beam passing through the crystalline 
lens 130. 

[0102] Of these light beams, the light beams de- 
scribed in® , © , and® emanate as backward scat- 
tered light beams from the eyeball 100 reversely from 
the direction of travel of the incident light beam and ar- 
rive at the reflection plate 26. 

[0103] The length of the optical path of the signal light 
beam having the frequency f 0 , which has passed 
through the reflection surface 26a of the reflection plate 
26, the signal light beam impinging upon the eyeball 1 00 
and again arriving at the reflection surface 26a as the 
backward scattered light beam, can be classified into 
those described below. 

(1) As for the backward scattered light beam de- 
scribed in ® above: Two times the distance from 
the reflection surface 26a of the reflection plate 26 
to the interface between air and the cornea 110. 

(2) As for the backward scattered light beam de- 
scribed in © above:Two times the sum of the dis- 
tance from the reflection surface 26a of the reflec- 
tion plate 26 to the interface between air and the 
cornea 110 and the distance from the interface be- 
tween air and the cornea 110 to the interface be- 
tween the cornea 110 and the anterior aqueous 
chamber 120. 

(3) As for the backward scattered light beam de- 
scribed in ® above: Two times the sum of the dis- 
tance from the reflection surface 26a of the reflec- 
tion plate 26 to the interface between air and the 
cornea 1 1 0, the distance from the interface between 
air and the cornea 11 0 to the interface between the 
cornea 11 0 and the anterior aqueous chamber 1 20, 
and the distance from the interface between the cor- 



nea 110 and the anterior aqueous chamber 120 to 
the Interface between the anterior aqueous cham- 
ber 120 and the crystalline lens 130. 

[0104] Therefore, the lengths of the optical paths of 
the backward scattered light beams (including the 
length of the optical path to the impingement upon the 
eyeball 1 00) are different from one another. As a result, 
the backward scattered light beams arrive at the reflec- 
tion surface 26a of the reflection plate 26 with a differ- 
ence in time corresponding to the difference in optical 
path length. 

[0105] The laser beam, the frequency of which is 
swept temporarily, is successively radiated out of the 
light source device 10' and successively arrives at the 
reflection plate 26. . 

[0106] As a result, at the reflection surface 26a of the 
reflection plate 26, for example, the backward scattered 
light beam described in® above (having the frequency 
f 0 ) meets with the light beam having a frequency f 1( 
which has been radiated out of the light source device 
1 0' at the time t 1 (as illustrated in Figure 6), and the wave 
fronts of the two light beams are matched with each oth- 
er. Therefore, a beat signal of the interference light 
beam, which is caused to occur by the wavefront match- 
ing, is obtained such that the intensity of the beat signal 
may repeatedly becomes high and low at a frequency 
equal to the difference (f 1 -f 0 ) between the frequencies 
of the two light beams subjected to the wavefront match- 
ing. 

[01 07] Also, at the reflection surface 26a of the reflec- 
tion plate 26, the backward scattered light beam de- 
scribed in© above (having the frequency f 0 ) meets with 
the light beam having a frequency f 2 , which has been 
radiated out of the light source device 1 0' at the time t 2 , 
and the wave fronts of the two light beams are matched 
with each other. Therefore, the frequency of a beat sig- 
nal of the interference light beam, which is caused to 
occur by the wavefront matching, is equal to the differ- 
ence (f 2 -f 0 ) between the frequencies of the two light 
beams subjected to the wavefront matching. 
[0108] Further, at the reflection surface 26a of the re- 
flection plate 26, the backward scattered light beam de- 
scribed in® above (having the frequency f 0 ) meets with 
the light beam having a frequency f 3 , which has been 
radiated out of the light source device 1 0* at the time t 3 , 
and the wave fronts of the two light beams are matched 
with each other. Therefore, the frequency of a beat sig- 
nal of the interference light beam, which is caused to 
occur by the wavefront matching, is equal to the differ- 
ence (f 3 -f 0 ) between the frequencies of the two light 
beams subjected to the wavefront matching. 
[0109] From the light source device 10', the laser 
beam, the frequency of which changes with the passage 
of time, is successively radiated out. However, since the 
differences among the aforesaid optical path lengths are 
invariable, the frequencies of the beat signals caused to 
occur by the interference with the respective backward 
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scattered light beams are kept constant. 
[01 1 0] The light beam, which is obtained from the in- 
terference of each backward scattered light beam at the 
reflection surface 26a of the reflection plate 26, Is re- 
flected from the beam splitter 23 and impinges upon the 
■ photodetector 28. 

[0111] The photodetector 28 detects the Intensity of 
the light beam composed of the three beat signals, the 
intensities of which repeatedly become high and low at 
different frequencies. The photodetector 28 converts 
the intensity into an electric signal. The electric signal is 
fed into the heterodyne operation means 29'. 
[0112] The heterodyne operation means 29* sepa- 
rates the beat signals obtained with the respective back- 
ward scattered light beams from one another in accord- 
ance with the received electric signal and calculates the 
intensity of each backward scattered light beam from 
each of the beat signals separated from one another. 
[0113] As for the separation of the beat signals ob- 
tained with the respective backward scattered light 
beams from one another, if the thicknesses of the cor- 
nea 110 and the anterior aqueous chamber 120 along 
the optical axis direction are known, the differences in 
frequency among the beat signals obtained with the re- 
spective backward scattered light beams can be calcu- 
lated easily from the difference in light passage time ac- 
cording to the thicknesses and the frequency sweep 
speed. Even if the thicknesses of the cornea. 110 and 
the anterior aqueous chamber 1 20 along the optical axis 
direction are not known, a known frequency analysis 
may be made with respect to the combined beat signal, 
and the frequencies of the beat signals obtained with 
the respective backward scattered light beams can be 
calculated easily. 

[01 1 4] The information representing the intensities of 
the respective backward scattered light beams, the in- 
tensities having been calculated by the heterodyne op- 
eration means 29' in the manner described above, is fed 
intothe light absorption characteristics analyzing means 
30. 

[0115] The same operation as that described above 

is repeated with respect to the light sources 11b' 

11x\ In this manner, the optical absorbances 02(1), «2 
(2), cc 2 (n) of the aqueous humor 120 with respect to 
a plurality of the incident light beams having different 
wavelengths can be obtained. The information repre- 
senting the optical absorbances ct^l), cc 2 (2), .... o^n), 
which have thus been obtained with respect to the inci- 
dent light beams having different wavelengths, is fed in- 
to the glucose concentration calculating means 40. The 
glucose concentration calculating means 40 determines 
the concentration of glucose In the aqueous humor 1 20, 
which contains a plurality of constituents, from the plu- 
rality of the optical absorbances by utilizing the known 
near-infrared spectroscopy including the multivariate 
analysis. 

[01 16] In this manner, with this embodiment of the glu- 
cose concentration measuring apparatus in accordance 



7 812 B1 28 

with the present invention, the concentration of glucose 
in the aqueous humor can be measured non-invasivety 
and accurately. 

[01 17] In this embodiment of Figure 5, the light source 

5 device 10* comprising a plurality of the light sources 

11a\ 11b' 11x', which radiate out the coherent light 

beams, is employed. However, the second glucosecon- 
centration measuring method and apparatus in accord- 
ance with the present invention are not limited to the use 

10 of a plurality of light sources. For example, as illustrated 
in Figure 4B, the light source device 10* may be consti- 
tuted of a single light source 11' capable of selectively 
radiating out each of a plurality of coherent light beams, 
and a control means 14 for controlling the light source 

15 11 ' such that the light source 1V may selectively radiate 
out one of the plurality of the coherent light beams. 
[0118] Figure 7 shows an embodiment of an appara- 
tus for carrying out the third glucose concentration 
measuring method in accordance with the present in- 

20 vention. 1 

[0119] With reference to Figure 7, the glucose con- 
centration measuring apparatus comprises a light 
source device 10" for radiating out a plurality of ul- 
trashort pulsed light beams, which have different wave- 
rs lengths. The light source device 10" is provided with a 
Ti:sapphire laser beam source (hereinbelow referred to 
simply as the light source) 11 a" for radiating out an ul- 
trashort pulsed light beam having a wavelength X^ , a 
light source 11b" for radiating out an ultrashort pulsed 

30 light beam having a wavelength X2 a light source 

11 x" for radiating out an ultrashort pulsed light beam 
having a wavelength Xn. The glucose concentration 
measuring apparatus also comprises an optical time- 
domain backward scattering measurement means 60 

35 for irradiating the ultrashort pulsed light beam to the eye- 
ball 100, and carrying out time series measurement of 
each of an intensity of a first backward scattered light 
beam of the ultrashort pulsed light beam, the first back- 
; ward scattered light beam coming from an interface be- 

40 tween the cornea 1 1 0 and the anterior aqueous cham- 
ber 1 20 of the eyeball 1 00, and an intensity of a second 
backward scattered light beam of the ultrashort pulsed 
light beam, the second backward scattered light beam 
coming from an interface between the anterior aqueous 

45 chamber 1 20 and the crystalline lens 1 30 of the eyeball 
100. The optical time-domain backward scattering 
measurement means 60 contain a photodetector, such 
as a streak camera. The glucose concentration meas- 
uring apparatus further comprises a light absorption 

so characteristics analyzing means 30 for obtaining light 
absorption characteristics of constituents of the aque- 
ous humor, which fills the anterior aqueous chamber 
120, from the Intensity of the first backward scattered 
light beam and the intensity of the second backward 

55 scattered light beam. The glucose concentration meas- 
uring apparatus still further comprises a glucose con- 
centration calculating means 40 for calculating a con- 
centration of glucose in the constituents of the aqueous 
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humor from the light absorption characteristics, which 
have been obtained with respect to the plurality of the 
ultrashort pulsed light beams having different wave- 
lengths. 

[0120] The pulsed light beam is emitted for a very 
short time on the order of, for example, femtoseconds 
to picoseconds. 

[0121] The optical time-domain backward scattering 
measurement means 60 comprises a beam splitter 61 
for splitting the ultrashort pulsed light beam, which has 
been radiated out of the light source device 10", into a 
signal light beam irradiated to the eyeball 1 00 and a ref- 
erence light beam to be utilized in timing the detection 
of each backward scattered light beam of the incident 
light beam; the backward scattered light beam emanat- 
ing from the eyeball 1 00. The optical time-domain back- 
ward scattering measurement means 60 also comprises 
mirrors 62, 62, 62 for guiding the reference light beam, 
and a photodetector 63 capable of measuring the inten- 
sities of the respective backward scattered light beams 
of the incident light beam, the backward scattered light 
beams emanating from the eyeball 100, such that the 
intensities may be temporally separated from one an- 
other as Illustrated In Figure 8. The photodetector 63 
may be constituted of a streak camera, or the like. The 
optical time-domain backward scattering measurement 
means 60 further comprises a aqueous humor transmit- 
tance operation means 64 for calculating the amount of 
each backward scattered light beam by integrating the 
intensity of each backward scattered light beam, which 
has been temporally separated and detected, with re- 
spect to time. 

[0122] The reference light beam is utilized for the tim- 
ing of the detection of each backward scattered light 
beam. The reference light beam is also utilized to mon- 
itor the amount of the signal light beam impinging upon 
the eyeball 100. The reference light beam is introduced 
into the photodetector 63. 

[0123] Howthis embodiment of Figure 7 operates will 
be described hereinbelow. 

[0124] Firstly, the light source 11 a M radiates out the ul- 
trashort pulsed light beam having the wavelength XI. 
The ultrashort pulsed light beam enters into the optical 
time-domain backward scattering measurement means 
60 and is split by the beam splitter 61 into the signal light 
beam and the reference light beam. 
[0125] Of the split light beams, the signal light beam 
impinges upon the eyeball 1 00. As described above with 
reference to the aforesaid embodiments, the signal light 
beam impinging upon the eyeball 100 is classified into 
the four light beams. Of the four classified light beams, 
the light beams described In© ,(D , and® below em- 
anate as the backward scattered light beams from the 
eyeball 100. . 

© The light beam reflected from the interface be- 
tween air and the cornea 110. 
© The light beam reflected from the interface be- 



tween the cornea 110 and the anterior aqueous 
chamber 120. 

® The light beam reflected from the interface be- 
tween the anterior aqueous chamber 120 and the 
5 crystalline lens 130. 

[0126] The depths of the reflection planes, from which 
the respective backward scattered light beams are re- 
flected, the depths being taken with respect to the direc- 
10 tion of incidence of the signal light beam, are different 
from one another. Therefore, the timings, with which the 
respective backward scattered light beams emanate 
from the eyeball 100, are different from one another. 
Specifically, the backward scattered light beam de- 
scribed in© , the backward scattered light beam de- 
scribed in (D , arid the backward scattered light beam 
described in ® emanate in this order from the eyeball 
1 00. Also, since the backward scattered light beams are 
the reflected light of the incident signal light beam, they 
are the ultrashort pulsed light beams. The emission pe- 
riod of the ultrashort pulsed light beams is shorter than 
the difference in- time for passage corresponding to the 
aforesaid difference in depth of reflection plane. There- 
fore, the backward scattered light beams emanate from 
the eyeball 1 00 one after another such that they may be 
separated perfectly. 

[0127] Each of the backward scattered light beams, 
which emanate from the eyeball 1 00 one after another, 
is reflected from the beam splitter 61 and impinges upon 
the photodetector 63 capable of effecting time resolu- 
tion. 

[0128] Before each backward scattered light beam 
impinges upon the photodetector 63, the reference light 
beam, which has been reflected from the beam splitter 
61 and guided by the mirrors 62, 62, 62, enters into the 
photodetector 63. The reference light beam serves as 
a trigger for the timing of the detection carried out by the 
photodetector 63. The intensity of the reference light 
beam is detected, and the intensities of the backward 
scattered light beams are detected respectively. 
[0129] Figure 8 is a graph showing the intensity of the 
reference light beam and the intensities of backward 
scattered light beams, which are time-resolved and de- 
tected by the photodetector 63 on the time series basis. 
[01 30] The photodetector 63 converts the detected in- 
tensity of each light beam into an electric signal. The 
electric signal is fed into the aqueous humor transmit- 
tance operation means 64. 

[0131] The aqueous humor transmittance operation 
means 64 Integrates the received electric signal, which 
corresponds to the intensity of each light beam, with re- 
spect to time and thereby calculates the amount of each 
light beam. The information representing the thus cal- 
culated amount of each light beam is fed into the light 
absorption characteristics analyzing means 30. In the 
same manner as that in the aforesaid embodiments, the 
light absorption characteristics analyzing means 30 cal- 
culates the optical absorbance of the aqueous humor 
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120 in accordance with the amount of each light beam. 
[0132] The same operation as that described above 
is repeated with respect to the ultrashort pulsed light 
beams having different wavelengths, which are radiated 
out of the light source device 1 0", i.e. by utilizing the plu- 
rality of the light sources 11a", 11b", .... 11x", which ra- 
diate out the pulsed light beams having different wave- 
lengths, one after another. In this manner, the optical 
absorbances of the aqueous humor 120 with respect to 
a plurality of the incident light beams having different 
wavelengths can be obtained. 
[0133] The information representing the optical ab- 
sorbances, which have thus been obtained with respect 
to the incident light beams having different wavelengths, 
is fed into the glucose concentration calculating means 
40. The glucose concentration calculating means 40 de- 
termines the concentration of glucose in the aqueous 
humor 120, which contains a plurality of constituents, 
from the plurality of the optical absorbances by utilizing 
the known near-infrared spectroscopy including the 
multivariate analysis. 

[01 34] In this manner, with this embodiment of the glu- 
cose concentration measuring apparatus in accordance 
with the present invention, the concentration of glucose 
in the aqueous humor can be measured non-invasively 
and accurately. 

[0135] In this embodiment of Figure 7, the light source 
device 1 0" comprising a plurality of the light sources 
11a", lib",..., 11x", which radiate out the ultrashort 
pulsed light beams having different wavelengths, is em- 
ployed. However, the third glucose concentration meas- 
uring method and apparatus in accordance with the 
present invention are not limited to the use of a plurality 
of light sources. For example, as in the light source de- 
vice 10' in the aforesaid embodiment of the second glu- 
cose concentration measuring method and apparatus, 
the light source device 1 0" may be constituted of a sin- 
gle light source capable of selectively radiating out each 
of a plurality of ultrashort pulsed light beams, and a con- 
trol means for controlling the light source such that the 
light source may selectively radiate out one of the plu- 
rality of the ultrashort pulsed light beams. 



Claims 

1 . A glucose concentration measuring method, com- 
prising the steps of: 

i) splitting a low coherence light beam, which 
. has been radiated out of a predetermined light 
source, into a signal light beam and a reference 
light beam, each of which travels along one of 
two different optical paths, 

ii) modulating at least either one of said signal 
light beam and said reference light beam such 
that a slight difference in frequency may occur 
between them, 



iii) irradiating said signal light beam to the eye- 
ball lying at a predetermined position', 

iv) causing a first backward scattered light 
beam of said signal light beam having been ir- 

5 radiated to the eyeball , said first backward scat- 

tered light beam coming from an Interface be- 
. tween the cornea and the anterior aqueous 
chamber of the eyeball, and said reference light 
beam to interfere with each other by adjusting 

™ an optical path length of said reference light 

beam, a first interference light beam being 
thereby obtained, 

v) measuring an intensity of said first interfer- 
ence light beam, 

*5 vi) calculating an intensity of said first backward 

scattered light beam from the intensity of said 
first interference light beam, 

vii) causing a second backward scattered light 
beam of said signal light beam having been ir- 

20 radiated to the eyeball, said secpnd backward 

scattered light beam coming from an Interface 
between the anterior aqueous chamber and the 
crystalline lens of the eyeball, and said refer- 
ence light beam to interfere with each other by 

25 adjusting the optical path length of said refer- 

ence light beam, a second Interference light 
beam being thereby obtained, 

viii) measuring an intensity of said second in- 
terference light beam, 

30 ix) calculating an intensity of said second back- 

ward scattered light beam from the intensity of 
said second interference light beam, 
x) obtaining light absorption characteristics of 
constituents of the aqueous humor, which fills 

35 the anterior aqueous chamber, from the Inten- 

sity of said first backward scattered light beam 
and the intensity of said second backward scat- 
tered light beam; 
, . xi) obtaining light absorption characteristics of 

*0 the constituents of the aqueous humor with re- 

spect to each of a plurality of other low coher- 
ence light beams, which are of wavelength 
bands different from the wavelength band of 
said low coherence light beam, in the same 

45 manner, and 

xii) calculating a concentration of glucose in the 
constituents of the aqueous humor from the 
light absorption characteristics, which have 
been obtained with respect to the plurality of 

so said low coherence light beams. 

2. A method as defined in Claim 1 wherein each of said 
low coherence light beams is selected as a portion 
of light, which is of an emission wavelength band 

55 wider than the wavelength band of each low coher- 
ence light beam. 

3. A method as defined in Claim 1 wherein each of said 
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low coherence light beams is radiated out of one of 
a plurality of different light sources. 

A glucose concentration measuring method, com- 
prising the steps of: 5 

I) splitting a coherent light beam, which has 
been radiated out of a predetermined light 
source and the frequency of which is swept 
temporally in a sawtooth-like form, into a signal 10 
light beam and a reference light beam, each of 
which travels along one of two different optical 
paths, 

ii) irradiating said signal light beam to the eye- 
ball lying at a predetermined position, *s 

iii) causing a first backward scattered light 
beam of said signal light beam, said first back- 
ward scattered light beam coming from an in- 
terface between the cornea and the anterior 
aqueous chamber of the eyeball, and said ref- 
erence light beam to interfere with each other, 
said reference light beam being constituted of 
the coherent light beam, which has been radi- 
ated out of said light source with a difference in 
time in accordance with a difference between 25 
an optical path length of said signal light beam 
and said first backward scattered light beam 
and an optical path length of said reference 
light beam, and which has a difference in fre- 
quency with respect to said first backward scat- 30 
tered light beam, a first interference light beam 
being thereby obtained, 

iv) measuring an intensity of said first interfer- 
ence light beam, 

v) calculating an intensity of said first backward 35 
scattered light beam from the intensity of said 
first interference light beam, 

vi) causing a second backward scattered light 
beam of said signal light beam, said second 
backward scattered light beam coming from an *o 
interface between the anterior aqueous cham- 
ber and the crystalline lens of the eyeball, and 
said reference light beam to interfere with each 
other, said reference light beam being consti- 
tuted of the coherent light beam, which has 45 
been radiated out of said light source with a dif- 
ference in time in accordance with a difference 
between an optical path length of said signal 
light beam and said second backward scat- 
tered light beam and an optical path length of so 
said reference light beam, and which has a dif- 
ference in frequency with respect to said sec- 
ond backward scattered light beam, a second 
interference light beam being thereby obtained, 

vii) measuring an intensity of said second inter- ss 
ference light beam, 

viii) calculating an intensity of said second 
backward scattered light beam from the inten- 



sity of said second interference light beam, 
Ix) obtaining light absorption characteristics of 
constituents of the aqueous humor, which fills 
the anterior aqueous chamber, from the inten- 
sity of said first backward scattered light beam 
and the intensity of said second backward scat- 
tered light beam, 

x) obtaining light absorption characteristics of 
the constituents of the aqueous humor with re- 
spect to each of a plurality of other coherent 
light beams, which have wavelengths different 
from the wavelength of said coherent light 
beam, in the same manner, and 

xi) calculating a concentration of glucose in the 
constituents of the aqueous humor from the 
light absorption characteristics, which have 
been obtained with respect to the plurality of 
said coherent light beams. 

5. A method as defined in Claim 4 wherein said coher- 
ent light beams are selectively radiated out of a sin- 
gle light source. 

6. A method as defined in Claim 4 wherein each of said 
coherent light beams is radiated out of one of a plu- 
rality of different light sources. 

7. A glucose concentration measuring method, com- 
prising the steps of: 

i) irradiating an ultrashort pulsed light beam, 
which has been radiated out of a predetermined 
light source, to the eyeball, 

ii) measuring each of an intensity of a first back- 
ward scattered light beam of said ultrashort 
pulsed light beam, said first backward scattered 
light beam coming from an interface between 
the cornea and the anterior aqueous chamber 
of the eyeball, and an intensity of a second 
backward scattered light beam of said ul- 
trashort pulsed light beam, said second back- 
ward scattered light beam coming from an in- 
terface between the anterior aqueous chamber 
and the crystalline lens of the eyeball, 

iii) obtaining light absorption characteristics of 
constituents of the aqueous humor, which fills 
the anterior aqueous chamber, from the Inten- 
sity of said first backward scattered light beam 
and the intensity of said second backward scat- 
tered light beam, 

iv) obtaining light absorption characteristics of 
the constituents of the aqueous humor with re- 
spect to each of a plurality of other ultrashort 
pulsed light beams, which have wavelengths 
different from the wavelength of said ultrashort 
pulsed light beam, in the same manner, and 

v) calculating a concentration of glucose in the 
constituents of the aqueous humor from the 
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light absorption characteristics, which have 
been obtained with respect to the plurality of 
said ultrashort pulsed light beams having differ- 
ent wavelengths. 

8. A method as defined in Claim 7 wherein said ul- 
trashort pulsed light beams are selectively radiated 
out of a single light source. 

9. A method as defined in Claim 7 wherein each of said 
ultrashort pulsed light beams is radiated out of one 
of a plurality of different light sources. 

10. A glucose concentration measuring method, com- 
prising the steps of: 

with respect to concentrations of glucose in the 
constituents of the aqueous humor, which con- 
centrations have been measured with a method 
as defined in Claim 1 , Invasively measuring the 
corresponding concentrations of glucose in the 
blood, correlation between the concentrations 
of glucose in the constituents of the aqueous 
humor and the concentrations of glucose in the 
blood being thereby determined previously, 
and 

thereafter non-invasively determining a con- 
centration of glucose in the blood from a con- 
centration of glucose in the constituents of the 
aqueous humor, which concentration is newly 
measured with a method as defined in Claim 1 , 
and said correlation. 

11. A glucose concentration measuring method, com- 
prising the steps of: 

with respect to concentrations of glucose in the 
constituents of the aqueous humor, which con- 
centrations have been measured with a method 
as defined in Claim 4, invasively measuring the 
corresponding concentrations of glucose in the 
blood, correlation between the concentrations 
of glucose in the constituents of the aqueous 
humor and the concentrations of glucose in the 
blood being thereby determined previously, 
and 

thereafter non-invasively determining a con- 
centration of glucose in the blood from a con- 
centration of glucose in the constituents of the 
aqueous humor, which concentration is newly 
measured with a method as defined in Claim 4, 
and said correlation. 

12. A glucose concentration measuring method, com- 
prising the steps of: 

with respect to concentrations of glucose in the 
constituents of the aqueous humor, which con- 



centrations have been measured with a method 
as defined in Claim 7, invasively measuring the 
corresponding concentrations of glucose in the 
blood, con-elation between the concentrations 
of glucose in the constituents of the aqueous 
humor and the concentrations of glucose in the 
blood being thereby determined prevlousfy, 
and 

thereafter non-invasively determining a con- 
centration of glucose In the blood from a con- 
centration of glucose in the constituents of the 
aqueous humor, which concentration is newly 
measured with a method as defined in Claim 7, 
and said correlation. 

13. A glucose concentration measuring apparatus, 
comprising: 

i) a light source device for radiating out a plu- 
rality of low coherence light beams, which are 
of different emission wavelength bands,- 

ii) an optical path splitting means for splitting 
each of the low coherence light beams, which 
has been radiated out of said light source de- 
vice, into a signal light beam irradiated to the 
eyeball and a reference light beam, each of 
which travels along one of two different optical 
paths, 

iii) a modulation means, which is located in at 
least either one of the two different optical paths 
and modulates at least either one of said signal 
light beam and said reference light beam such 
that a slight difference in frequency may occur 
between them, 

Iv) an optical path length adjusting means for 
adjusting the length of the optical path, along 
which said reference light beam travels, 

v) a wavefront matching means for: 

matching a wave front of a first backward 
scattered light beam of said signal light 
beam having been irradiatedto the eyeball, 
said first backward scattered tight beam 
coming from an interface between the cor- 
nea and the anterior aqueous chamber of 
the eyeball, and a wave front of said refer- 
ence light beam with each other, and 
matching a wave front of a second back- 
ward scattered light beam of said signal 
light beam having been irradiated to the 
eyeball, said second backward scattered 
light beam coming from an interface be- 
tween the anterior aqueous chamber and 
the crystalline iens of the eyeball, and a 
wave front of said reference light beam with 
each other, 

vi) a photodetector for photoelectrical^ detect- 
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ing an intensity of a first interference light beam, 
which is obtained from the matching of the 
wave front of said first backward scattered light 
beam and the wave front of said reference light 
beam with each other, and an intensity of a sec- 5 
ond interference light beam, which is obtained 
from the matching of the wave front of said sec- 
ond backward scattered light beam and the 
wave front of said reference light beam with 
each other, w 

vii) a heterodyne operation means for calculat- 
ing an intensity of said first backward scattered 
light beam from the intensity of said first inter- 
ference light beam, and calculating an intensity 

of said second backward scattered light beam 15 
from the intensity of said second interference 
light beam, 

viii) a light absorption characteristics analyzing 
means for obtaining light absorption character- 
istics of constituents of the aqueous humor, 20 
which fills the anterior aqueous chamber, from 

the intensity of said first backward scattered 
light beam and the. intensity of said second 
backward scattered light beam, and 

ix) a glucose concentration calculating means 25 
for calculating a concentration of glucose in the 
constituents of the aqueous humor from the 
light absorption characteristics, which have 
been obtained with respect to the plurality of 
said low coherence light beams. 30 

14. An apparatus as defined in Claim 13 wherein said 
light source device comprises a single light source 
for radiating out low coherence light, which is of an 
emission wavelength band wider than the wave- 35 
length band of each of said low coherence light 
beams, and a wavelength selecting means for se- 
lecting each of said low coherence light beams with 
respect to the wavelength from said low coherence 
light, which is of the wide emission wavelength 40 
band. 

15. An apparatus as defined in Claim 13 wherein said 
light source device comprises a plurality of light 
sources, each of which radiates out one of said low 45 
coherence light beams. 

16. A glucose concentration measuring apparatus, 
comprising: 

50 

i) a light source device for radiating out a plu- 
rality of coherent light beams, which have dif- . 
ferent wavelengths and the frequencies of 
which are swept temporally in a sawtooth-like 
form, 55 

ii) an optical path splitting means for splitting 
each of said coherent light beams, which has 
been radiated out of said light source device 



and the frequency of which is swept, into a sig- 
nal light beam irradiated to the eyeball and a 
reference light beam, each of which travels 
along one of two different optical paths, 
Hi) a wavefront matching means for: 

matching a wave front of a first backward 
scattered light beam of said signal light 
beam, said, first backward scattered light 
beam coming from an interface between 
the cornea and the anterior aqueous cham- 
ber of the eyeball, and a wave front of said 
reference light beam with each other, said 
reference light beam being constituted of 
the coherent light beam, which has been 
radiated out of said light source device with 
a difference in time in accordance with a 
difference between an optical path length 
of said signal light beam and said first back- 
ward scattered light beam and an optical 
path length of said reference light beam, 
and which has a difference in frequency 
with respect to said first backward scat- 
tered light beam, and 
matching a wave front of a second back- 
ward scattered light beam of said signal 
light beam, said second backward scat- 
tered light beam coming from an interface 
between the anterior aqueous chamber 

. and the crystalline lens of the eyeball, and 
a wave front of said reference light beam 
with each other, said reference light beam 
being constituted of the coherent light 
beam, which has been radiated out of said 
light source device with a difference in time 
in accordance with a difference between 
an optical path length of said signal light 
beam and said second backward scattered 
light beam and an optical path length of 
said reference light beam, and which has 
a difference in frequency with respect to 
said second backward scattered light 

. beam, 

iv) a photodetector for photoelectrical^ detect- 
ing an intensity of a f irst interference light beam, 
which is obtained from the matching of the 
wave front of said first backward scattered light 
beam and the wave front of said reference light 
beam, said reference light beam having the 
slight difference in frequency with respect to 
said first backward scattered light beam, with 
each other, and an intensity of a second inter- 
ference light beam, which is obtained from the 
matching of the wave front of said second back- 
ward scattered light beam and the wave front 
of said reference light beam, said reference 
light beam having the slight difference in fre- 
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quency with respect to said second backward 
scattered light beam, with each other, 

v) a heterodyne operation means for calculat- 
ing an intensity of said first backward scattered 
light beam from the intensity of said first inter- s 
ference light beam, and calculating an intensity 
of said second backward scattered light beam 
from the intensity of said second interference 
light beam, 

vi) a light absorption characteristics analyzing io 
means for obtaining light absorption character- 
istics of constituents of the aqueous humor, 
which fills the anterior aqueous chamber, from 
the intensity of said first backward scattered 
light beam and the intensity of said second « 
backward scattered light beam, and 

vii) a glucose concentration calculating means 
for calculating a concentration of glucose in the 
constituents of the aqueous humor from the 
light absorption characteristics, which have 20 
been obtained with respect to the plurality of 
said coherent light beams. 



17. An apparatus as defined in Claim 16 wherein said 
light source device comprises a single light source 
capable of selectively radiating out each of the plu- 
rality of said coherent light beams, and a control 
means for controlling said light source such that 
said light source may selectively radiate out one of 
the plurality of said coherent light beams. 

18. An apparatus as defined in Claim 16 wherein said 
light source device comprises a plurality of light 

. sources, each of which radiates out one of said co- 
herent light beams. 

19. A glucose concentration measuring apparatus, 
comprising: 

i) a light source device for radiating out a plu- 
rality of ultrashort pulsed light beams, which 
have different wavelengths, 

ii) an optical time-domain backward scattering 
measurement means for irradiating said ul- 
trashort pulsed light beam to the eyeball, and 
carrying out time series measurement of each 
of an intensity of a first backward scattered light 
beam of said ultrashort pulsed light beam, said 
first backward scattered light beam coming 
from an interface between the cornea and the 
anterior aqueous chamber of the eyeball, and 
an intensity of a second backward scattered 
light beam of said ultrashort pulsed light beam, 
said second backward scattered light beam 
coming from an interface between the anterior 
aqueous chamber and the crystalline lens of 
the eyeball, 

Hi) a light absorption characteristics analyzing 



means for obtaining light absorption character- 
istics of constituents of the aqueous humor, 
which fills the anterior aqueous chamber, from 
the intensity of said first backward scattered 
light beam and the intensity of said second 
backward scattered light beam, and 
iv) a glucose concentration calculating means 
for calculating a concentration of glucose in the 
constituents of the aqueous humor from the 
light absorption characteristics, which have 
been obtained with respect to the plurality of 
said ultrashort pulsed light beams having differ- 
ent wavelengths. 

20. An apparatus as defined in Claim 19 wherein said 
light source device comprises a single light source 
capable of selectively radiating out each of the plu- 
rality of said ultrashort pulsed light beams, and a 
control means for controlling said light source such 
that said light source may selectively radiate out 
one of the plurality of said ultrashort pulsed light 
beams. 

21. An apparatus as defined in Claim 19 wherein said 
25 light source device comprises a plurality of light 

sources, each of which radiates out one of said ul- 
trashort pulsed light beams. 

22. A glucose concentration measuring apparatus as 
30 defined in Claim 13, comprising a table represent- 
ing correlation between concentrations of giucose 
in the constituents of the aqueous humor, which 
concentrations have been measured with an appa- 
ratus as defined in Claim 13, and concentrations of 

35 glucose in the blood, which have been measured 
previously, 

wherein a concentration of glucose in the 
blood is non-invasivety determined from a concen- 
/ tration of glucose in the constituents of the aqueous 
40 humor, which concentration is newly measured with 
an apparatus as defined in Claim 13, and said table. 

23. A glucose concentration measuring apparatus as 
defined in Claim 16, cortiprising a table represent- 

45 ing correlation between concentrations of glucose 
in the constituents of the aqueous humor, which 
concentrations have been measured with an appa- 
ratus as defined in Claim 16, and concentrations of 
glucose in the blood, which have been measured 

so previously, 

wherein a concentration of glucose in the 
blood is non-invasively determined from a concen- 
tration of glucose in the constituents of the aqueous 
humor, which concentration is newly measured with 

55 an apparatus as defined in Claim 1 6, and said table. 

24. A glucose concentration measuring apparatus as 
defined in Claim 19, comprising a table represent- 



21 



41 



EP0 807 812 B1 



42 



ing correlation between concentrations of glucose 
In the constituents of the aqueous humor, which 
concentrations have been measured with an appa- 
ratus as defined in Claim 19, and concentrations of 
glucose in the blood, which have been measured s 
previously, 

wherein a concentration of glucose in the 
blood is non-invasively determined from a concen- 
tration of glucose in the constituents of the aqueous 
humor, which concentration is newly measured with io 
an apparatus as defined in Claim 1 9, and said table. 



PatentansprOche 

.15 

1 . Verfahren zur Messung von Glukosekonzentration, 
umfassend folgende Schritte: 

I) ein Lichtstrahlbundel geringer Koharenz, das 
von einer vorbestimmten Lichtquelle abge- so 
strahlt wurde, wird aufgetrennt in ein Signal- 
lichtstrahlbundel und ein Referenzlichtstrahl- 
bundel, die jeweils entlang einem von zwei un- 
terschiedlichen optischen Wegen laufen, 
li) das Signallichtstrahlbundel und/oder das 25 2. 
Referenzlichtstrahlbundel wird derart modu- 
liert, daB zwischen ihnen eine geringe Fre- 
quenzdifferenz auftreten kann, 
iil) das Signallichtstrahlbundel wird auf den In 
einer vorbestimmten Stellung befindlichen 30 
Augapfel gestrahlt, 3. 

iv) Veranlassen, da(3 ein erstes zuruckgestreu- 
tes Lichtstrahlbundel von dem auf den Augap- 
fel aufgestrahlten Signallichtstrahlbundel, 
stammend von der Grenzflache zwischen der 35 
Hornhaut und der vorderen Augapfel- Flussig- 4. 
keitskammer, und das Referenzlichtstrahlbun- 
del mlteinander interferieren, indem eine opti- 

sche Weglange des Referenzlichtstrahlbun- 
dels einjustiert wird, urn dadurch ein erstes In- 40 
terferenzlichtstrahlbundel zu erhalten, 

v) Messen der Intensltat des ersten Interferenz- 
lichtstrahlbundels, 

vi) Berechnen der Intensltat des ersten zuruck- 
gestreuten Lichtstrahlbundels aus der Intensi- *s 
tat des ersten interferenz lichtstrahlbundels, 

vii) Veranlassen, daB ein zweltes zurtickge- 
streutes Lichtstrahlbundel von dem Signallicht- 
strahlbundel, welches auf den Augapfel ge- 
strahlt wurde, stammend von der Grenzflache so 
zwischen der vorderen Flussigkeitskammer 
und der kristallinen Linse des Augapfels, und 
das Referenzlichtstrahlbundel miteinander in- 
terferieren, indem die optische Weglange des 
Referenzlichtstrahlbundels einjustiert wird, urn 55 
ein zweites Interferenzlichtstrahlbundel zu er- 
halten, 

viii) Messen der Intensitat des zwelten Interfe- 



renzlichtstrahlbundels, 

ix) Berechnen der Intensltat des zwelten zu- 
ruckgestreuten Lichtstrahlbundels aus der In- 
tensltat des zwelten InterferenzlichtstrahlbGn- 
dels, 

x) Ermltteln der Lichtabsorptionskennlinle von 
Bestandteilen des Kammerwassers, das die 
vordere Flussigkeitskammer ausfOllt, aus der 
Intensltat des ersten zuruckgestreuten Licht- 
strahlbundels und der Intensltat des zwelten 
zuruckgestreuten Lichtstrahlbundels, . 

xi) Ermltteln der Lichtabsorptionskennlinle der 
Bestandtelle des Kammerwassers bezuglich 
jedes einer Mehrzahl welterer Lichtstrahlbun- 
del geringer Koharenz, deren Welleniangen- 
bfinder £ich von dem Welleniangenband des 
genannten Lichtstrahlbundels geringer Koha-. 
renz unterscheiden, in der glelchen Weise, und 

xii) Berechnen einer Konzentration von Gluko- 
se In den Bestandteilen des Kammerwassers 
. aus den Lichtabsorptionskennlinien , die fur die 
mehreren Lichtstrahlbundel geringer.Koharenz 
erhalten wurden. 

Verfahren nach Anspruch 1, bei dem jeder der 
Lichtstrahlbundel geringer Koharenz ausgewahlt 
wird als Teil von Licht, dessen Emissionswellenian- 
genband breiter ist als das Welleniangenband jedes 
Lichtstrahlbundels geringer Koharenz. 

Verfahren nach Anspruch 1, be! dem jedes der 
Lichtstrahlbundel geringer Koharenz von einer von 
mehreren verschiedenen Lichtquellen abgestrahlt 
wird. 

Verfahren zum Messen von Glukose Konzentration, 
umfassend die Schritte: 

i) ein koharentes Lichtstrahlbundel, das von ei- 
ner vorbestimmten Lichtquelle abgestrahlt wur- 
de, und dessen Frequenz zeltlich sagezahnfor- 
mig gewobbelt wird, wird in ein Signallicht- 
strahlbundel und ein Referenzlichtstrahlbundel 
aufgetrennt, die jeweils entlang einem von zwel 
verschiedenen optischen Wegen laufen, 

ii) das Signallichtstrahlbundel wird auf den in 
einer vorbestimmten Stellung befindlichen 
Augapfel gestrahlt, 

iii) es wird veranlaBt, daB ein erstes zuruckge- 
streutes Lichtstrahlbundel des Signallicht- 
strahlbundels, stammend von einer Grenzfla- 
che zwischen der Hornhaut und der vorderen 
Flussigkeitskammer des Augapfels, und das 
Referenzlichtstrahlbundel mlteinander interfe- 
rieren, wobei das Referenzlichtstrahlbundel 
aus dem koharenten Lichtstrahl besteht, der 
aus der Lichtquelle mit einer Zeitdifferenz ab- 
gestrahlt wurde, die einer Differenz zwischen 
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einer optischen Wegiange des Signallicht- 
strahlbundels und des ersten zuruckgestreuten 
Lichtstrahlbundels und einer optischen Weg- 6. 
lange des Referenzlichtstrahlbundels ent- 
spricht, und das einen Frequenzunterschied s 
bezuglich des ersten zuruckgestreuten Licht- 
strahlbundels' aufweist, um dadurch ein erstes 7. 
Interferenzlichtstrahlbundel zu erhalten, 

iv) Messen der Intensitat des ersten Interfe- 

• renzlichtstrahlbundels, 10 

v) Berechnen der Intensitat des ersten zuruck- 
gestreuten LichtstrahlbOndels aus der Intensi- 
tat des ersten Interferenzlichtstrahlbundels, 
vl) Veranlassen, da!3 ein zweltes zuriickge- 
streutes Lichtstrahlbundel des Signallicht- 15 
strahlbundels, stammend von einer Grenzfia- 
che zwischen der vorderen Flussigkettskam- 
mer und der Linse des Augapfels, und das Re- 
ferenzlichtstrahlbundel miteinander interferie- 
ren, wobei das Referenzlichtstrahlbundel aus 20 
dem kohSrenten Lichtstrahlbundel besteht, 
welches von der Lichtquelle abgestrahlt wurde 

mit einer zeltlichen Differenz gemdB einer Dif- 
ferenz zwischen der optischen Wegiange des 
Signallichtstrahlbundeis und des zweiten zu- 25 
ruckgestreuten Lichtstrahlbundels einerseits 
und einer optischen Wegiange des Referenz- 
lichtstrahlbundels andererseits, und das eine 
Frequenzdifferenz gegenOber dem zweiten zu- 
ruckgestreuten Lichtstrahlbundels aufweist, 30 
um dadurch ein zweites Interferenzlichtstrahl- 
bundel zu erhalten, 

vii) Messen der Intensitat des zweiten Interfe- 
renzlichtstrahlbundels, 

viii) Berechnen der Intensitat des zweiten zu- 35 
ruckgestreuten Lichtstrahlbundels aus der In- 
tensitat des zweiten Interferenzlichtstrahlbun- 
dels, 

ix) Ermitteln der Lichtabsorptionskennlinie von 
Bestandteilen des Kammerwassers, welches 4'o 
die vordere Flussigkeitskammer ausfullt, aus 
der Intensitat des ersten zuruckgestreuten 
Lichtstrahlbundels und der Intensitat des zwei- 
ten zuruckgestreuten Lichtstrahlbundels, 8. 

x) Ermitteln der Lichtabsorptionskennlinie der *s 
Bestandteile des Kammerwassers f Or jedes ei- 
ner Mehrzahl weiterer koharenter Lichtstrahl- 
bundel, die andere Wellenlangen besitzen als 9. 
das koharente Lichtstrahlbundel, in der glei- 

ch en Weise, und so 

xi) Berechnen einer Glukosekonzentration in 
den Bestandteilen des Kammerwassers aus 

den Lichtabsorptionskennlinien, die fur die 10. 
mehreren koharenten Lichtstrahlbundel erhal- 
ten wurden. 55 

Verfahren nach Anspruch 4, bei dem die koharen- 
ten Lichtstrahlbundel selektiv von einer einzigen 



Lichtquelle abgestrahlt werden. 

Verfahren nach Anspruch 4, bei dem jedes der ko- 
harenten Lichtstrahlbundel aus einer von mehreren 
verschiedenen Lichtquellen abgestrahlt wird. 

Verfahren zur Messung von Glukosekonzentration, 
umfassend die Schritte: 

• • • 

i) Aufstrahlerf eines . ultrakurzen gepulsten 
Lichtstrahlbundels, das von einer vorbestimm- 
ten Lichtquelle abgestrahlt wurde, auf den Aug- 
apfel, 

ii) Messen sowohl der Intensitat eines ersten 
zuruckgestreuten LichtstrahlbOndels von dem 
ultrakurzen gepulsten Lichtstrahlbundel, stam- 
mend von einer Grenzfiache zwischen der 
Homhaut und der vorderen Flussigkeitskam- 
mer des Augapfels, als auch der Intensitat ei- 
nes zweiten zuruckgestreuten gchtstrahlbun- 
dels von dem ultrakurzen gepulsten Lichtstrahl- 
bundel, stammend von einer Grenzfiache zwi- 
schen der vorderen Flussigkeitskammer und 
der Linse des Augapfels, 

iii) Ermitteln der Lichtabsorptionskennlinie 'der 
Bestandteile des Kammerwassers, das die vor- 
dere Flussigkeitskammer ausfullt, aus der In- 
tensitat des ersten zuruckgestreuten Licht- 
strahlbundels und der Intensitat des zweiten 
zuruckgestreuten Lichtstrahlbundels, 

iv) Ermitteln von Lichtabsorptionskeririlinien 
der Bestandteile des Kammerwassers bezug- 
lich jedes von mehreren weiteren ultrakurzen 
gepulsten LichtstrahlbQndeln, deren Wellen- 
langen sich von der Wellenlange des erwShn- 
ten ultrakurzen gepulsten Lichtstrahlbundels 
unterscheiden, in der gleichen Weise, und 

v) Berechnen der Glukosekonzentration in den 
Bestandteilen des Kammerwassers aus den 
Lichtabsorptionskennlinien, die fur die mehre- 
ren ultrakurzen gepulsten Lichtstrahlbundel 
verschiedener Wellenlangen ermittelt wurden. 

Verfahren nach Anspruch 7, bei dem die ultrakur- 
zen gepulsten Lichtstrahlbundel selektiv von einer 
einzigen Lichtquelle abgestrahlt werden. 

Verfahren nach Anspruch 7, bei dem jedes der ul- 
trakurzen gepulsten Lichtstrahlbundel aus einer 
von mehreren verschiedenen Lichtquellen abge- 
strahlt wird. 

Verfahren zur Messung von Glukosekonzentration 
umfassend die Schritte: 

fur die Glukosekonzentration en in den Be- 
standteilen der Kammerflussigkert, gemessen 
nach einem Verfahren gemaB Anspruch 1 , In- 
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vasives Messen der entsprechenden Konzen- 
trationen von Glukose im Blut, wobei die Kor- 
relation zwischen den Glukosekonzentrationen 
in den Bestandteiien des Kammerwassers und 
den Glukosekonzentrationen im Blut hierdurch 5 
vorab bestimmt wird, und 

anschlieBend nicht-invasives Ermitteln der 
Glukosekonzentration im Biutaus derGlukose- 
konzentration in den Bestandteiien des Kam- 10 
merwassers, welche Konzentration erneut 
nach einem Verfahren gemaB Anspruch 1 ge- 
messen wird, und aus jener Korrelation. 

11. Verfahren zur Messung von Glukosekonzentration, is 
umfassend die Schritte: 

fur die Glukosekonzentrationen in den Be- 
standteiien der Kammerflussigkeit, gemessen 
nach einem Verfahren gemaB Anspruch 4, in- 20 
vasives Messen der entsprechenden Konzen- 
trationen von Glukose im Blut, wobei die Kor- 
relation zwischen den Glukosekonzentrationen 
in den Bestandteiien des Kammerwassers und 
den Glukosekonzentrationen im Blut hierdurch 25 
vorab bestimmt wird, und 

anschlieBend nicht-invasives Ermitteln der 
Glukosekonzentration im Blut aus der Glukose- 
konzentration in den Bestandteiien des Kam- so 
merwassers, welche Konzentration erneut 
nach einem Verfahren gemaB Anspruch 4 ge- 
messen wird, und aus jener Korrelation. 

12. Verfahren zur Messung von Glukosekonzentration, 35 
umfassend die Schritte: 

fur die Glukosekonzentrationen in den Be- 
standteiien der Kammerflussigkeit, gemessen 
nach einem Verfahren gemaB Anspruch 7, in- *o 
vasives Messen der entsprechenden Konzen- 
trattonen von Glukose im Blut, wobei die Kor- 
relation zwischen den Glukosekonzentrationen 
in den Bestandteiien des Kammerwassers und 
den Glukosekonzentrationen im Blut hierdurch 45 
vorab bestimmt wird, und 

anschlieBend nicht-invasives Ermitteln der 
Glukosekonzentration im Blut aus der Glukose- 
konzentration in den Bestandteiien des Kam- so 
merwassers, welche Konzentration erneut 
nach einem Verfahren gemaB Anspruch 7 ge- 
messen wird, und aus jener Korrelation. 

13. Vorrichtung zur Messung von Glukosekonzentrati- ss 
on, umfassend: 

i) eine Lichtquelleneinrichtung zum Abstrahlen 



einer Mehrzahlvon UchtstrahlbGndeln geringer 
Koharenz, die verschiedene Emissionswellen- 
langenbander aufweisen, 
ii) eine optische Wegauftrenneinrichtung zum 
Auftrennen jedes der Lichtstrahlbundel gerin- 
ger Kohfirenz, das von der Lichtquelleneinrich- 
tung abgestrahtt wurde, in ein Signallichtstrahl- 
bQndel, das auf den Augapfel gestrahlt wird, 
und ein Referenzlichtstrahlbundel, wobei jedes 
Strahlbundel entlang einem von zwei verschie- 
denen optischen Wegen lauft, 
lil) eine Modulationseinrichtung, die sich in zu- 
mindest einem der beiden verschiedenen opti- 
schen Wege beflndet, und die mindestens ein 
Strahlbundel von dem Signallichtstrahlbundel 
und dem' Referenzlichtstrahlbundel derart mo- 
duliert, daB zwischen den Strahlbundeln eine 
geringe Frequenzdifferenz auftreten kann, 

iv) eine Einjustiereinrichtung zum Einjustieren 
einer optischen Wegl&nge des optischen 
Wegs, entlang dem das Referenzlichtstrahl- 
bundel t&uft, 

v) eine Wellenfront-AnpaBeinrichtung zum: 

Anpassen einer Wellenfront eines ersten 
zuruckgestreuten Lichtstrahlbundels von 
dem Signallichtstrahlbundel, das auf den 
Augapfel gestrahlt wurde, wobei das erste 
zuruckgestreute Lichtstrahlbundel von ei- 
. ner Grenzfiache zwischen der Homhaut 
und der vorderen Flussigkeitskammer des 
Augapfels stammt, an eine Wellenfront des 
Referenzlichtstrahlbundels, und 
Anpassen einer Wellenfront eines zweiten 
zuruckgestreuten Lichtstrahlbundels des 
Signallichtstrahlbundels, das auf den Aug- 
apfel gestrahlt wurde, wobei das zweite zu- 
ruckgestreute Lichtstrahlbundel von einer 
Grenzfiache zwischen der vorderen Flus- 
sigkeitskammer und der Linse des Augap- 
fels stammt, an eine Wellenfront des Refe- 
renzlichtstrahlbundels, . 

vi) einen Photodetektorzumphotoelektrischen 
Nachweisen der Intensitat eines ersten Interfe- 
renzlichtstrahlbundels, erhalten durch die An- 
passung der Wellenfront des ersten zuruckge- 
streuten Lichtstrahlbundels und der Wellen- 
front des Referenzlichtstrahlbundels aneinan- 
der, und der Intensitat eines zweiten Interfe- 
renzlichtstrahlbundels, erhalten aus der An- 
passung der Wellenfront des zweiten zuruck- 
gestreuten Lichtstrahlbundels und der Wellen- 
front des Referenzlichtstrahlbundels 
aneinander, 

vii) eine Oberiagerungseinrichtung zum Be- 
rechnen der Intensitat des ersten zuruckge- 
streuten Lichtstrahlbundels aus der Intensitat 
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des ersten Interferenzlichtstrahlbundels, und 
zum Berechnen der Intensitat des zwelten zu- 
ruckgestreuten Lichtstrahlbundels aus der In- 
tensitat des zwelten Interferenzlichtstrahlbun- 
dels, 5 
vlii) eine Lichtabsorptionskennlinien-Analy- 
seeinrichtung zum Ermitteln von Lichtabsorpti- 
onskennlinlen von Bestandteilen des Kammer- 
wassers, das die vordere Flussigkeitskammer 
ausfutlt, aus der Intensity des ersten zuruck- « 
gestreuten Lichtstrahlbundels und der Intensi- 
ty des zweiten zuruckgestreuten Lichtstrahl- 
bundels, und 

ix) eine Glukosekonzentrations-Berechnungs- 
einrichtung zum Berechnen der Glukosekon- * 5 
zentration in den Bestandteilen des Kammer- 
wassers aus den Lichtabsorptionskennlinien, 
die bezuglich der mehreren Lichtstrahlbundel 
geringer.Koharenz ermittelt wurden. 

20 

14. Vorrichtung nach Anspruch 13, bei der die Licht- 
quelleneinrichtung eine einzelne Lichtquelle zum 
Abstrahlen von schwach koharentem Licht auf- 
weist, dessen Emissionswellenlangenband brelter 

ist als das Wellenlangenband Jedes der Lichtstrahl- 25 
biindel geringer Koharenz, und eine Wellenlangen- 
auswahleinrichtung zum Auswahlen jedes der 
Lichtstrahlbundel geringer Koharenz in Bezug auf 
die Wellenlange aus dem schwach koharenten 
Licht, das das breite Emissionswellenlangenband 30 
aufweist. 

15. Vorrichtung nach Anspruch 13, bei der .die Licht- 
quelleneinrichtung mehrere Lichtquellen aufweist, 

die jeweils eines der Lichtstrahlbundel geringer Ko- 35 
harenz abstrahlen. 

16. Vorrichtung zur Messung von Glukosekonzentrati- 
on, umfassend: / 

40 

i) eine Lichtquelleneinrichtung zum Abstrahlen 
mehrerer koharenter Lichtstrahlbundel unter- 
schiedlicher Wellenlangen, deren Frequenzen 
zeitlich in einer Sagezahnform gewobbelt wer- 

. den, 45 

ii) eine optische Wegauftrenneinrichtung zum 
Auftrennen jedes der koharenten Lichtstrahl- 
bundel, das von der Lichtquelleneinrichtung 
abgestrahlt wurde, und dessen Frequenz ge- 
wobbelt ist, in ein SignallichtstrahlbOndel, wei- so 
. ches auf den Augapfel gestrahlt wird, und ein 

Referenzlichtstrahlbundel, wobei jedes Licht- 
strahlbundel entlang einem von zwei verschie- 
denen optischen Wegen lautt, 

iii) eine Wellenf ront-AnpaBeinrichtung zum: ss 

Anpassen einer Wellenfront eines ersten 
zuruckgestreuten Lichtstrahlbundels des 



Signallichtstrahlbundels, stammend von 
einer Grenzfiache zwischen der Homhaut 
und der vorderen Flussigkeitskammer des 
Augapfels, und einer Wellenfront des Re- 
ferenzlichtstrahlbundels aneinander, wo- 
bei das Referenzlichtstrahlbundel aus dem 
koharenten Lichtstrahlbundel besteht, das 
von der Lichtquelleneinrichtung mlt einer 
zeitlichen Differenz abgestrahlt wurde, die 
der Differenz zwischen einer optischen 
Weglange des Signallichtstrahlbundels 
und dem ersten zuruckgestreuten Licht- 
strahlbundel einerseits und einer opti- 
schen Weglange des Referenzlichtstrahl- 
bundels andererseits entspricht, und wel- 
ches eine Frequenzdifferenz gegenuber 
dem ersten zuruckgestreuten Lichtstrahl- 
bundel aufweist, und 

Anpassen einer Wellenfront eines zweiten 
zuruckgestreuten Lichtstrahlbundels des 
Signallichtstrahlbundels, stammend von 
einer Grenzfiache zwischen der vorderen 
Flussigkeitskammer und der Linse des 
Augapfels, und einer Wellenfront des Re- 
ferenzlichtstrahlbundels aneinander, wo- 
bei das Referenzlichtstrahlbundel gebiidet 
wird durch das koharente Lichtstrahlbun- 
del, das von der Lichtquelleneinrichtung 
mit einer zeitlichen Differenz abgestrahlt 
wurde, die einer Differenz zwischen einer 
optischen Weglange des Signallichtstrahl- 
bundels und des zweiten zuruckgestreuten 
Lichtstrahlbundels einerseits und einer op- 
tischen Weglange des Referenzlichtstrahl- 
bundels andererseits entspricht, und das 
eine Frequenzdifferenz gegenQber dem 
zwelten zuruckgestreuten Lichtstrahlbun- 
del aufweist, 

iv) einen Photodetektorzum photoelektrischen 
Erfassen der Intensitat eines ersten Interfe- 
renzlichtstrahlbundels, welches erhalten wird 
aus der Anpassung der Wellenfront des ersten 
zuruckgestreuten LichtstrahlbOndels und der 
Wellenfront des Referenzlichtstrahlbundels, 
wobei das Referenzlichtstrahlbundel eine ge- 
ringe Frequenzdifferenz gegenuber dem er- 
sten zuruckgestreuten Lichtstrahlbundel auf- 
weist, und zum Erfassen einer Intensitat eines 
zweiten Interferenzlichtstrahlbundels, erhalten 
aus der Anpassung der Wellenfront des zwei- 
ten zuruckgestreuten LichtstrahlbOndels und 
der Wellenfront des Referenzlichtstrahlbundels 
aneinander, wobei das Referenzlichtstrahlbun- 
del die geringfugige Frequenzdifferenz gegen- 
uber dem zweiten zuruckgestreuten Licht- 
strahlbundel aufweist, 

v) eine Oberlagerungseinrichtung zum Berech- 
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nen der Intensity des ersten zuruckgestreuten 
Lichtstrahlbundels aus der Intensitat des ersten 
Interferenzlichtstrahlbundels, und zum Berech- 
nen der Intensitat des zwelten zuruckgestreu- 
ten Lichtstrahlbundels aus der Intensitat des 
zweiten Interferenzlichtstrahlbundels, 

vi) eine Lichtabsorptionskennlinien-Analy- 
seeinrichtung zum Ermltteln von Lichtabsorptl- 
onskennlinien von Bestandtellen des Kammer- 
wassers, das die vordere Flussigkeitskammer 
enthatt, aus der Intensitat des ersten zuruckge- 
streuten Lichtstrahlbundels und der Intensitat 
des zweiten zuruckgestreuten Lichtstrahlbun- 
dels, und 

vii) eine Glukosekonzentrations-Berechnungs- 
einrichtung zum Berechnen der Glukosekon- 
zentration in den Bestandteilen des Kammer- 
wassers aus den Lichtabsorptionskennlinien, 
die fur die mehreren koharenten Lichtstrahl- 
bundel erhalten wurden. 

17. Vorrichtung nach Anspruch 16, bei der die Licht- 
quelleneinrichtung eine einzelne Lichtquelle auf- 
weist, die in der Lage ist, selektiv jedes der mehre- 
ren koharenten Lichtstrahlbundel abzustrahlen, 
und eine Steuereinrichtung enthalt, urn die Licht- 
quelle derart zu steuern, daB sie selektiv eines der 
mehreren koharenten Lichtstrahlbundel abstrahlen 
kann. 

18. Vorrichtung nach Anspruch 16, bei der die Llcht- 
quelieneinrichtung mehrere Lichtquellen aufweist, 
die jeweils eines der koharenten Lichtstrahlbundel 
abstrahlen. 

19. Vorrichtung zur Messung von Glukosekonzentrati- 
on, umfassend: 

i) eine Lichtquelleneinrichtung zum Abstrahlen 
mehrerer ultrakurzer gepulster Lichtstrahlbun- 
del unterschiedlicher Welleniangen, 

ii) . eine optische Zeitdomanen- 
RGckstreumeBeinrichtung zum Aufstrahlen 
des ultrakurzen gepulsten Lichtstrahlbundels 
auf den Augapfel und zum Durchfuhren einer 
zeitseriellen Messung sowohl der Intensitat ei- 
nes ersten zuruckgestreuten Lichtstrahlbun- 
dels von derh ultrakurzen gepulsten Lichtstrahl- 
bundel, stammend von einer Grenzflache zwi- 
schen der Homhaut und der vorderen Flussig- 
keitskammer des Augapfels, als auch der In- 
tensitat eines zweiten zuruckgestreuten Licht- 
strahlbundels von dem ultrakurzen gepulsten 
Lichtstrahlbundel, stammend von einer Grenz- 
flache zwischen der vorderen Flussigkeltskam- 
mer und der Linse des Augapfels, 

iii) eine Lichtabsorptionskenniinien-Analy- 
seeinrichtung zum Ermittein von Lichtabsorpti- 



onskennlinien von Bestandtellen des Kammer- 
wassers, das die vordere FIQsslgkeitskammer 
ausfQIlt, aus der Intensitat des ersten zuruck- 
gestreuten Lichtstrahlbundels und der Intensi- 
5 tat des zweiten zuruckgestreuten Lichtstrahl- 

bundels, und 
' iv) eine Glukosekonzentrations-Berechnungs- 
einrichtung zum Berechnen der Glukosekon- 
zentration in den Bestandteilen des Kammer- 
10 wassers aus den Lichtabsorptionskennlinien, 

die fur die mehreren ultrakurzen gepulsten 
LichtstrahlbOndel unterschiedlicher Wellenian- 
gen erhalten wurden. 

is 20. Vorrichtung nach Anspruch 19, bei der die Licht- 
quelleneinrichtung eine einzelne Lichtquelle auf- 
weist, 1 die In der Lage ist, selektiv jedes der mehre- 
ren ultrakurzen gepulsten Lichtstrahlbundel abzu- 
strahlen, und eine Steuereinrichtung aufweist zum 
20 Steuern der Lichtquelle derart, daB sie selektiv ei- 
nes der mehreren ultrakurzen gepulsten Licht- 
strahlbundel abgeben kann. 



21. Vorrichtung nach Anspruch 19, bei der die Licht- 
25 quelleneinrichtung mehrere Lichtquellen aufweist, 

die jeweils eines der ultrakurzen gepulsten Licht- 
strahlbundel abstrahlt. 

22. Vorrichtung nach Anspruch 13, umfassend eine Ta- 
30 belle, die die Korrelation zwischen Glukosekonzen- 

trationen in den Bestandteilen des Kammerwas- 
sers, wie sie mit der Vorrichtung nach Anspruch 1 3 
gemessen wurden, und Glukosekonzentrationen 
des Bluts, die vorab gemessen wurden, reprasen- 

35 tiert, 

wobei eine Glukosekonzentration des Bluts nicht- 
invasiv ermittelt wird aus der Glukosekonzentration 
in den Bestandteilen des Kammerwassers, wie sie 
emeut mit einer Vorrichtung nach Anspruch 13 ge- 

40 messen wurde, und der Tabelle. 

23. Vorrichtung nach Anspruch 1 6, umfassend eine Ta- 
belle, die die Korrelation zwischen Glukosekonzen- 
trationen in den Bestandteilen des Kammerwas- 

45 sers, wie sie mit der Vorrichtung nach Anspruch 1 6 
gemessen wurden, und Glukosekonzentrationen 
des Bluts, die vorab gemessen wurden, reprasen- 
tiert, 

wobei eine Glukosekonzentration des Bluts nicht- 
so invasiv ermittelt wird aus der Glukosekonzentration 
in den Bestandteilen des Kammerwassers, wie sie 
emeut mit einer Vorrichtung nach Anspruch 16 ge- 
messen wurde, und der Tabelle. 

55 24. Vorrichtung nach Anspruch 19, umfassend eine Ta- 
belle, die die Korrelation zwischen Glukosekonzen- 
trationen in den Bestandteilen des Kammerwas- 
sers, wie sie mit der Vorrichtung nach Anspruch 19 
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gemessen wurden, und Glukosekonzentrationen 
des Bluts, die vorab gemessen wurden, reprasen- 
tiert, 

wobei eine Glukosekonzentration des Bluts nicht- 
invaslv ermlttelt wird aus der Glukosekonzentration s 
> In den Bestandtellen des Kammerwassers, wie sie 
erneut mit einer Vorrichtung nach Anspruch 19 ge- 
messen wurde, urid der Tabelle. 

10 

Revendlcatlons 

1 . Proced6 de mesure de la concentration de glucose, 
comprenant les etapes consistant a : 

15 

I) separer un faisceau de lumiere de faible co- 
herence qui a ete rayonne hors d'une source 
de lumiere predeterminee, en un faisceau de 
lumiere de signal et un faisceau de lumiere de 
reference, dont chacun se deplace le long de 20 
!'un parmi deux trajets optiques differents, - 
ii) moduler au moins Tun ou I'autre dudit fais- 
ceau de lumiere de signal et dudit faisceau de 
lumiere de reference de sorte qu'une legere dif- 
ference de frequence puisse apparaTtre entre 25 
ceux-ci, 

ill) faire rayonner ledit faisceau de lumiere de 

signal vers le globe oculaire se situant a une 2. 

position pfedeterminee, 

iv) amener un premier faisceau de lumiere dif- 30 
fuse vers I'arriere dudit faisceau de lumiere de 
signal ayant ete rayonne vers le globe oculaire, 
ledit premier faisceau de Iumi6re diffuse vers 
i'arriere provenant d'une interface entre ia cor- 

neeet la chambre aqueuse anterieure du globe 35 3. 
oculaire, et ledit faisceau de lumiere de refe- 
rence a interfere r Pun avec I'autre en ajustant 
une longueur de trajet optique dudit faisceau 
de lumiere de reference, un premier faisceau , 
de lumiere d'interference etant ainsi obtenu, 40 4. 

v) mesurer une intensife dudit premier faisceau 
de lumiere d'interference, 

vi) calculer une intensife dudit premier faisceau 
de lumiere diffuse vers I'arriere a partir de I'in- 
tensite dudit premier faisceau de lumiere d'in- « 
terference, 

vii) amener un second faisceau de lumiere dif- 
fuse vers I'arriere dudit faisceau de lumiere de 
signal ayant ete rayonne vers le globe oculaire, 
ledit second faisceau de lumiere diffuse vers so 
I'arriere provenant d'une interface entre la 
chambre aqueuse anterieure et le cristallin du 
globe oculaire, et ledit faisceau de lumiere de 
reference a interferer I'un avec I'autre en ajus- 
tant la longueur de trajet optique dudit faisceau ss 
de lumiere de reference, un second faisceau de 
lumiere d'interference etant ainsi obtenu, 

viii) mesurer une intensife dudit second fais- 



ceau de lumiere d'interference, 

ix) calculer une intensife dudit second faisceau 
de lumiere diffuse vers I'arriere a partir de I'in- 
tensite dudit second faisceau de lumiere d'in- 
terference, 

x) obtenir les caracteristiques d'absorptton de 
lumiere des constituants de I'humeur aqueuse, 
qui remplit la chambre aqueuse anterieure, a 
partir de I'intensite dudit premier faisceau de lu- 
miere diffuse vers I'arriere et de I'intensite dudit 
second faisceau de lumiere diffuse vers I'arrie- 
re, 

xi) obtenir les caracteristiques d'absorption de 
lumiere des constituants de I'humeur aqueuse 
par rapport a chacun d'une pluraiite tfautres 
faisceaux de lumiere de faible coherence, qui 
sont de bandes de longueurs d'onde differentes 
de la bande de longueur d'onde dudit faisceau 
de lumiere de faible coherence, de la meme 
maniere, et , 

xii) calculer une concentration de glucose dans 
les constituants de I'humeur aqueuse a partir 
des caracferistiques d'absorption de lumiere, 
qui ont ete obtenues par rapport a la pluraiite 
desdits faisceaux de lumiere de faible coheren- 
ce. 

Procede selon la revendication 1 , dans lequel cha- 
cun desdits faisceaux de lumiere de faible coheren- 
ce est selectionn6 en tant que partie de lumiere qui 
est d'une bande de longueurs d'onde d'emission 
plus large que la bande de longueur d'onde de che- 
que faisceau de lumiere de faible coherence. 

Proced6 selon la revendication 1 , dans lequel cha- 
cun desdits faisceaux de lumiere de faible coheren- 
ce est rayonne hors de Tune parmi une pluraiite de 
sources de lumiere differentes. 

Procede de mesure de la concentration de glucose, 
comprenant les etapes consistant a : 

i) separer un faisceau de lumiere coherente qui 
a ete rayonn6 hors d'une source de lumiere 
predeterminee et dont la frequence estbalayee 
temporellement sous une forme en dents de 
scie, en un faisceau de lumiere de signal et un 
faisceau de lumiere de reference, dont chacun 
se deplace le long de I'un parmi deux trajets op- 
tiques differents, 

ii) faire rayonner ledit faisceau de lumiere de 
signal vers le globe oculaire se trouvant a une 
position predeterminee, 

iii) amener un premier faisceau de lumiere dif- 
fuse vers I'arriere dudit faisceau de lumiere de 
signal, ledit premier faisceau de lumiere diffuse 
vers I'arriere provenant d'une interface entre la 
cornee et la chambre aqueuse anterieure du 
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globe oculalre, et ledit faisceau de lumlere de 
reference a interferer I'un avec I'autre, ledit fais- 
ceau de lumiere de reference etant constitue 
du faisceau de lumiere coherente qui a ete 
rayonne hors de ladite source de lumiere avec s 
une difference dans le temps conforme a une 
difference entre une longueur de trajet optique 
dudit faisceau de lumiere de signal et dudit pre- 
mier faisceau de lumiere diffuse vers i'arriere 
et une longueur de trajet optique dudit faisceau w 5. 
de lumiere de reference, et qui presente une 
difference de frequence par rapport audit pre- 
mier faisceau de lumiere diffuse vers I'arriere, 
un premier faisceau de lumiere ^interference 
etant ainsi obtenu, 15 6 - 

iv) mesurer une intensite dudit premierf aisceau 
de lumiere d'interference , 

v) calculer une intensite dudit premier faisceau 
de lumiere diffuse vers i'arriere a partir de I'in- 
tensite dudit premier faisceau de lumiere d'in- 20 7. 
terference, 

vi) amener un second faisceau de lumiere dif- 
fuse vers I'arriere dudit faisceau de lumiere de 
signal, ledit second faisceau de lumiere diffuse 
vers I'arriere provenant d'une interface entre la 25 
chambre aqueuse anterieure et le cristallin du 
globe oculaire, et ledit faisceau de lumiere de 
reference a interferer I'un avec I'autre, ledit fais- 
ceau de lumiere de reference etant constitue 

du faisceau de lumiere cotterente qui a ete so 
rayonne hors de ladite source de lumiere avec 
une difference dans le temps conforme 6 une 
difference entre une longueur de trajet optique 
dudit faisceau de lumiere de signal et dudit se- 
cond faisceau de lumiere diffuse vers I'arriere 35 
et une longueur de trajet optique dudit faisceau 
de lumiere de reference, et qui presente une 
difference de frequence par rapport audit se- 
cond faisceau de lumiere diffuse vers I'arriere, 
un second faisceau de lumiere d'interference <o 
6tant ainsi obtenu, 

vii) mesurer une intensite dudit second fais- 
ceau de lumiere d'interference , 

viii) calculer une intensite dudit second fais- 
ceau de lumiere diffuse vers I'arriere a partir de *s 
I'intensite dudit second faisceau de lumiere 
d'interference, 

ix) obtenir les caracteristiques d'absorption de 
lumiere des constituents de I'humeur aqueuse 

qui remplit la chambre aqueuse anterieure a so 
partir de I'intensite dudit premier faisceau de lu- 
miere diffuse vers I'arriere et de I'intensite dudit 
second faisceau de lumiere diffuse vers I'arrie- 
re, 

x) obtenir les caracteristiques d'absorption de ss 
lumiere des constituants de I'humeur aqueuse 
par rapport a chacun parmi une pluralite 
d'autres faisceaux de lumiere coherente, qui 



presentent des longueurs d'onde differentes de 
la longueur d'onde dudit faisceau de lumiere 
coherente, de la mdme maniere, et 
xi) calculer une concentration de glucose dans 
les constituants de I'humeur aqueuse a partir 
des caracteristiques d'absorption de lumiere 
qui ont ete obtenues, par rapport a la pluralite 
desdits faisceaux de lumiere coherente. 

Procede selon la revendication 4, dans lequel les- 
dits faisceaux de lumiere coherente sont rayonnes 
de facon selective hors d'une seule source de lu- 
miere. 

Proced6 selon la revendication 4, dans lequel cha- 
cun desdits faisceaux de lumiere coherente est 
rayonne hors de I'une parmi une pluralite de sour- 
ces de lumiere differentes. 

Procede de mesure de la concentration de glucose 
comprenant les etapes consistant a : 

i) faire rayonner un faisceau de lumiere a im- 
pulsions uitracourtes, lequel a ete rayonn6 hors 
d'une source de lumiere predelerminee, vers le 
globe oculaire, 

ii) mesurer chacune parmi une intensite d'un 
premier faisceau de lumiere diffuse vers I'arrie- 
re dudit faisceau de lumiere a impulsions uitra- 
courtes, ledit premier faisceau de lumiere diffu- 
se vers I'arriere provenant d'une interface entre 
la cornee et la chambre aqueuse anterieure du 
globe oculaire, et une intensite d'un second 
faisceau de lumiere diffuse vers I'arriere dudit 
faisceau de lumiere a impulsions uitracourtes, 
ledit second faisceau de lumiere diffuse vers 
Tarriere provenant d'une interface entre la 
chambre aqueuse anterieure et le cristallin du 
globe oculaire, 

iii) obtenir les caracteristiques d'absorption de 
lumiere des constituants de I'humeur aqueuse 
qui remplit la chambre aqueuse anterieure, a 
partir de I'intensite dudit premier faisceau de lu- 
miere diffuse vers I'arriere et de I'intensite dudit 
second faisceau de lumiere diffuse vers I'arrie- 
re, 

iv) obtenir les caracteristiques d'absorption de 
lumiere des constituants de I'humeur aqueuse 
par rapport a chacun parmi une pluralite 
d'autres faisceaux de lumlere a impulsions ui- 
tracourtes, lesquels presentent des longueurs 
d'onde differentes de la longueur d'onde dudit 
faisceau de lumiere a impulsions uitracourtes, 
de la meme maniere, et 

v) calculer une concentration de glucose dans 
les constituants de I'humeur aqueuse a partir 
des caracteristiques d'absorption de lumiere 
qui ont ete obtenues par rapport a la pluralite 
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desdits feisceaux de lumiere a impulsions ul- 
tracourtes presentant des longueurs d'onde dif- 
ferentes. 

8. Proced6 selon la revendication 7, dans lequel les- $ 
dits faisceaux de lumiere a impulsions ultracourtes 
sont rayonnes de facon selective hors d'une seule 
source de lumiere. 

9. Procede selon la revendication 7, dans lequei cha- 10 
cun desdits faisceaux de lumiere a impulsions ul- 
tracourtes est rayonne hors de Tune parmi une plu- 
rality de sources de lumiere differentes. 

1 0. Proc6d6 de mesure de la concentration de glucose « 
comprenant les etapes consistent a: 



par rapport aux concentrations de glucose 
dans les constituents de rhumeuc equeuse, 
lesquelles concentrations ont ete mesurees 
avec un precede tel que defini dans la revendi- 
cation 7, mesurer de facon invasive les concen- 
trations correspondantes en glucose dans le 
sang, la correlation entre les concentrations'de 
glucose dans les constituents de I'humeur 
aqueuse et les concentrations de glucose dans 
le sang etant alnsi determinees au pr6eleble, et 
determiner ensuite de fecon non invasive une 
concentration de glucose dans le sang a partir 
d'une concentration de glucose dans les cons- 
tituents de I'humeur aqueuse, laquelle concen- 
tration est mesur6e de fecon nouvelle avec un 
proce,de tel que defini dans le revendicetion 7 
et ledite correletion. 



per repport eux concentretions de glucose 
dens les constituents de I'humeur equeuse, 
lesquelles concentretions ont 6t6 mesurees 
evec un precede tel que defini dens le revendi- 
cetion 1, mesurer de fecon invesiveles concen- 
trations correspondentes en glucose dens le 
seng, le correletion entre les concentretions de 
glucose dens les constituents de I'humeur 
aqueuse et les concentretions de glucose dens 
le sang etenteinsi determinees eu pr6eleble, et 
determiner ensuite de fecon non invesive une 
concentretion de glucose dens le sang a partir 
d'une concentration de glucose dans les cons- 
tituents de I'humeur equeuse, lequelle concen- 
tretion est mesur6e de fecon nouvelle evec un 
procede tel que defini dens le revendicetion 1 , 
et ladite correlation. 

11 . Procede de mesure de la concentration de glucose 
comprenant les etapes consistant a : 

par rapport aux concentrations de glucose 
dans les constituents de I'humeur equeuse, 
lesquelles concentretions ont 6t6 mesurees 
evec un proc6d6 tel que defini dens le revendi- 
cetion 4, mesurer de fecon invesive les concen- 
tretions correspondentes en glucose dens le 
seng, le correletion entre les concentretions de 
glucose dens les constituents de I'humeur. 
equeuse et les concentretions de glucose dens 
le seng etent einsi determinees eu preeleble, et 
determiner ensuite de fecon non invesive une 
concentretion de glucose dens le seng e partir 
d'une concentretion de glucose dens les cons- 
tituents de I'humeur equeuse, lequelle concen- 
tretion est mesuree de fecon nouvelle evec un 
procede tel que defini dens le revendicetion 4 
et ledite correletion. 

12. Procede de mesure de le concentretion de glucose 
comprenent les etepes consistent e : 



1 3. Dispositif de mesure de le concentretion de glucose 
20 : comprenent : . , 

i) un dispositif de source de lumiere destine a 
reyonner une plurality de feisceeux de lumiere 
de feible coherence, qui sont de bendes de lon- 

25 gueurs d'onde d'emission differentes, 

ii) un moyen de s6peretion de trejet optique 
destine e s6perer checun des feisceeux de lu- 
miere de feible coherence qui e 6t6 reyonne 
hors du dispositif de source de lumiere, en un 

so feisceeu de lumiere de signel reyonne vers le 

globe oculeire et un feisceeu de lumiere de re- 
ference, dont checun se d6plece le long de Tun 
permi deux trejets optiques differents, 
ill) un moyen de moduletion, qui estsitue dens 

35 eu moins I'un permi les deux trajets optiques 

differents et qui module au moins I'un dudltfeis- 
ceeu de lumiere de signel et dudit feisceeu de 
lumiere de reference de sorte qu'une I6gere dif- 
, f6rence de frequence puisse epparaTtre entre 

4,6 ceux-ci, 

iv) un moyen d'ajustement de longueur de trejet 
optique destine a ejuster le longueur du trajet 
. optique, le long duquel ledit feisceeu de lumiere 
de reference se d6plece, 

45 v) un moyen de mlse en correspondence de 

front d'onde destine a : 

mettre en correspondence un front d'onde 
d'un premier feisceeu de lumiere diffuse 

so vers I'erriere dudit feisceeu de lumiere de 

signel eyent 6t6 reyonne vers le globe ocu- 
leire, ledit premier feisceeu de lumiere dif- 
fuse vers Terriere provenent d'une Interfe- 
ce entre le corn6e et le chembre equeuse 

55 enterieure du globe oculeire, et un front 

d'onde dudit feisceeu de lumiere de refe- 
rence I'un evec Peutre, et 
mettre en correspondence un front d'onde 
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cPun second faisceau de lumiere diffuse 
vers I'arriere dudit faisceau de lumiere de 
signal ayant ete rayonne vers le globe ocu- 
laire, ledit second faisceau de lumiere dif- 
fuse vers Tarriere provenant d'une interfa- 5 
ce entre la chambre aqueuse anterieure et 
le cristallin du globe oculaire, et un front 
d'onde dudit faisceau de lumiere de refe- 
rence Tun avec I'autre, 

10 

vi) un photodetecteur destine a detecter de fa- 
con photoelectrique une intensite d'un premier 
faisceau de lumiere d'interference, qui est ob- 
tenue a partir de la mise en correspondance du 
front d'onde dudit premier faisceau de lumiere « 
diffuse vers I'arriere et du front d'onde dudit 
faisceau de lumiere de reference Fun avec 
I'autre, et une intensite d'un second faisceau de 
lumiere d'interference, qui est obtenue a partir 

de la mise en correspondance du front d'onde 20 
dudit second faisceau de lumiere diffuse vers 
I'arriere et du front d'onde dudit faisceau de lu- 
miere de reference Tun avec I'autre, 

vii) un moyen de mise en oeuvre heterodyne 
destine a calculer une intensite dudit premier 25 
faisceau de lumiere diffuse vers I'arriere a partir 

de Hntenslte dudit premier faisceau de iumiere 
d'interference et a calculer une intensite dudit 
second faisceau de lumiere diffuse vers I'arrie- 
re a partir de I'intensite dudit second faisceau 30 
de lumiere d'interference, 

viii) un moyen d'analyse des caracteristiques 
d'absorption de lumiere destine a obtenir les 
caracteristiques d'absorption de lumiere des 
constituants de I'humeur aqueuse qui remplit la 35 
chambre aqueuse anterieure, a partir de I'inten- 
site dudit premier faisceau de lumiere diffuse 
vers I'arriere et de I'intensite dudit second fais- 
ceau de lumiere diffuse vers I'arriere, et 

ix) un moyen de calcul de la concentration de <o 
glucose destine a calculer une concentration 

de glucose dans les constituants de I'humeur 
aqueuse a partir des caracteristiques d'absorp- 
tion de lumiere, qui ont ete obtenues par rap- 
port a la pluralite desdits faisceaux de lumiere *5 
de faible coherence. 

14. Dispositif selon ia revendication 13, dans lequel le- 
dit dispositif de source de lumiere comprend une 
seule source de lumiere destinee a rayonner une so 
lumiere de faible coherence qui est d'une bande de 
longueur d'onde d'6mission plus large que la bande . 
de longueur d'onde remission de chacun desdits 
faisceaux de lumiere de faible coherence, et un 
moyen de selection de longueur d'onde destine a ss 
seiectionner chacun desdits faisceaux de lumiere 
de faible coherence par rapport a la longueur d'on- 
de a partir de ladite lumiere de faible coherence qui 



est a large bande de longueur d'onde d'6mission. 

15. Dispositif selon la revendication 13, dans lequel le- 
dit dispositif de source de lumiere comprend une 
pluralite de sources de lumiere, dont chacune 
rayonne Tun parmi lesdits faisceaux de lumiere de 
faible coherence. 

16. Dispositif demesure.de la concentration de glucose 
. comprenant: 

i) un dispositif de source de lumiere destine a 
rayonner une pluralite de faisceaux de lumiere 
coherente qui presentent des longueurs d'onde 
differentes et dont les frequences sont ba- 
Iay6es te'mporellement suivant une forme de 
dents de scie, 

ii) un moyen de separation de trajet optique 
destine a sdparer chacun desdits faisceaux de 
lumiere coherente, qui a ete rayonne hors du 
dispositif de source de lumiere et dont la fre- 
quence est balay6e, en un faisceau de lumiere 
de signal rayonne vers le globe oculaire et un 
faisceau de lumiere de reference, dont chacun 
se deplace le long de f un parmi deux trajets op- 
tiques differents, 

iii) un moyen de mise en correspondance de 
fronts d'onde destine a : 

mettre en correspondance un front d'onde 
d'un premier faisceau de lumiere diffuse 
vers I'arriere dudit faisceau de lumiere de 
signal, ledit premier faisceau de lumiere 
diffuse vers I'arriere provenant d'une inter- 
face entre la comee et la chambre aqueuse 
anterieure du globe oculaire, et un front 
d'onde dudit faisceau de lumiere de refe- 
rence I'un avec I'autre, ledit faisceau de lu- 
miere de reference etant constltue du fais- 
ceau de lumiere coherente qui a ete rayon- 
ne hors dudit dispositif de source de lumie- 
re avec une difference dans le temps con- 
forme a une difference entre une longueur 
de trajet optique dudit faisceau de lumiere 
de signal et dudit premier faisceau de lu- 
miere diffuse vers I'arriere et une longueur 
de trajet optique dudit faisceau de lumiere 
de reference, et qui pr6sente une differen- 
ce de frequence par rapport audit premier 
faisceau de lumiere diffuse vers I'arriere, et 
mettre en correspondance un front d'onde 
d'un second faisceau de lumiere diffuse 
vers I'arriere dudit faisceau de lumiere de 
signal, ledit second faisceau de lumiere dif- 
fuse vers Tamere provenant d'une interfa- 
ce entre la chambre aqueuse anterieure et 
le cristallin du globe oculaire, et un front 
d'onde dudit faisceau de lumiere de r6f6- 
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rence Tun avec I'autre, ledit faisceau de lu- 
. miere de reference etant constitue du fais- 
ceau de lumiere coherente qui a ete rayon- 
ne hors dudit dispositif de source de lumie- 
re avec une difference dans le temps con- s 
forme a une difference entre une longueur 
de trajet optique dudlt faisceau de lumiere 
de signal et dudit second faisceau de lu- 
miere diffuse vers I'arriere et une longueur 
de trajet optique dudit faisceau de lumiere 10 
de reference et qui presente une difference 
de frequence par rapport audit second fais- 
ceau de lumiere diffuse vers I'arriere, 

vi) un photodetecteur destine a detecter de fa- * * 
con photoelectrique une intensite d'un premier 
faisceau de lumiere d'interference, qui est ob- 
tenue a partir de la mise en corresp on dance du 
front d'onde dudit premier faisceau de lumiere 
diffuse vers I'arriere et du front d'onde dudit 20 
faisceau de lumiere de reference, ledit faisceau 
de lumiere de reference presentant la legere 
difference de frequence par rapport audit pre- 
mier faisceau de lumiere diffuse vers I'arriere, 
Pun avec I'autre, et une intensite d'un second 25 
faisceau de lumiere d'interference, qui est ob- 
tenue a partir de la mise en corresp ondance du 
front d'onde dudit second faisceau de lumiere 
diffuse vers I'arriere et du front d'onde dudit 
faisceau de lumiere de reference, ledit faisceau £0 
de lumiere de reference presentant la legere 
difference de frequence par rapport audit se- 
cond faisceau de lumiere diffuse vers I'arriere, 
i'un avec i'autre, 

v) un moyen de mise en oeuvre heterodyne 35 
destine a calculer une intensite dudit premier 
faisceau de lumiere diffuse vers I'arriere a partir 

de I'intensite dudit premier faisceau de lumiere 
d'interference, et a calculer une intensite dudit , 
second faisceau de lumiere diffuse vers I'arrie- 4b 
re a partir de I'intensite dudit second faisceau 
de lumiere d'interference, 

vi) un moyen d'analyse des caracteristiques 
d'absbrption de lumiere destine a obtenir les 
caracteristiques d'absorption de lumiere des 45 
constituants de I'humeur aqueuse qui remplit la 
chambre aqueuse anterieure, a partir de I'inten- 
site dudit premier faisceau de lumiere diffuse 
vers I'arriere et de I'intensite dudit second fais- 
ceau de lumiere diffuse vers I'arriere, et so 

vii) un moyen de calcul de la concentration de 
glucose destine a calculer une concentration 
de glucose dans les constituants de I'humeur 
aqueuse a partir des caracteristiques d'absorp- 
tion de lumiere qui ont ete obtenues par rapport ss 
a ia pluraiite desdits faisceaux de lumiere co- 
herente. 



17. Dispositif selon la revendication 16, dans lequel le- 
dit dispositif de source de lumiere comprend une 
seule source de lumiere capable de rayon ner de fa- 
con selective chacun parmi la pluraiite desdits fais- 
ceaux de lumiere coherente, et un moyen de com- 
mande destine a commander iadite source' de lu- 
miere de sorte que iadite source de lumiere puisse 
rayonner de facon selective I'un parmi la pluraiite 
desdits faisceaux de lumiere coherente! 

18. Dispositif selon la revendication 16, dans lequel le- 
dit dispositif de source de lumiere comprend une 
pluraiite de sources de lumiere, dont chacune 
rayonne I'un desdits faisceaux de lumiere coheren- 
te. 

1 9. Dispositif de mesure de la concentration de glucose 
comprenant: 

I) un dispositif de source de lurryere destine a 
rayonner une pluraiite* de faisceaux de lumiere 
a ondes ultracourtes, qui presentent des lon- 
gueurs d'onde differentes, 
ii) un moyen optique de mesure de diffusion 
vers Tarriere dans le domainetemporel, destine 
a faire rayonner ledit faisceau de lumiere a im- 
pulsions ultracourtes vers le globe oculaire, et 
a executer une mesure en serie temporelle de 
chacune parmi une intensite d'un premier fais- 
ceau de lumiere diffuse vers Tarriere dudit fais- 
ceau de lumiere a impulsions ultracourtes, ledit 
premier faisceau de lumiere diffuse vers I'arrie- 
re provenant d'une interface entre la comee et 
la chambre aqueuse anterieure du. globe ocu- 
laire, et une Intensite d'un second faisceau de 
lumiere diffuse vers I'arriere dudit faisceau de 
lumiere a impulsions ultracourtes, ledit second 
faisceau de lumiere diffuse vers I'arriere prove- 
nant d'une interface entre la chambre aqueuse 
anterieure et le cristallin du globe oculaire, 
Hi) un moyen d'analyse des caracteristiques 
d'absorption de lumiere, destin6 a obtenir les 
caracteristiques d'absorption de lumiere des 
constituants de I'humeur aqueuse qui remplit la 
chambre aqueuse anterieure, a partir de I'inten- 
site dudit premier faisceau de lumiere diffuse 
vers I'arriere et de I'intensite dudit second fais- 
ceau de lumiere diffuse vers I'arriere, et 
vi) un moyen de calcul de ia concentration de 
glucose, destine a calculer une concentration 
de glucose dans les constituants de I'humeur 
aqueuse a partir des caracteristiques d'absorp- 
tion de lumiere qui ont ete obtenues par rapport 
a la plurality desdits faisceaux de lumiere a im- 
pulsions ultracourtes presentant des longueurs 
d'onde differentes. 

20. Dispositif selon la revendication 19, dans lequel le- 
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dit dispositif de source de lumiere comprend une 
seule source de lumiere capable de rayonner de fa- 
con selective chacun parmi la pluralite des fais- 
ceaux de lumiere a Impulsions ultracourtes, et un 
moyen de commande destine a commander ladite 
source de lumiere de sorte que ladite source de lu- 
miere puisse rayonner de facon selective I'un parmi 
la pluralite desdlts faisceaux de lumiere a impul- 
sions ultracourtes. 

21. Dispositif selon la revendication 19, dans ledit dis- 
positif de source de lumiere comprend une pluralite 
de sources de lumiere, dont chacune rayonne Tun 
parmi lesdrts faisceaux de lumiere a impulsions ul- 
tracourtes. 

22. Dispositif de nhesure de la concentration de glucose 
seton la revendication 13, comprenant une table re- 
pr6sentant la correlation entre les concentrations 
de glucose dans les constltuants de I'humeur 
aqueuse, lesquelles concentrations ont 6te mesu- 
tees avec un dispositif tel que d6fini dans la reven- 
dication 13, et les concentrations de glucose dans 
le sang, lesquelles ont ete mesurees au prealable, 

dans lequel une concentration de glucose 
dans le sang est d6termin6e de facon non Invasive 
a partir d'une concentration de glucose dans les 
constltuants de I'humeur aqueuse, laquelle concen- 
tration est mesuree de facon novatrice avec un dis- 
. positif tel que d6fini dans la revendication 13 et la- 
dite table. 



a partir d'une concentration de glucose dans les 
constltuants de I'humeur aqueuse, laquelle concen- 
tration est mesutee de facon novatrice avec un dis- 
positif tel que defini dans la revendication 19 et la- 
5 dite table! 
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23. Dispositif de mesure de la concentration de glucose 
selon la revendication 16, comprenant une table re- 
presentant la correlation entre les concentrations 35 
de glucose dans les constltuants de I'humeur 
aqueuse, lesquelles concentrations ont et6 mesu- 
rees avec un dispositif tel que d6fini dans la reven- 
dication 1 6, et les concentrations de glucose dans 

le sang, lesquelles ont ete mesurees au prealable, 40 

dans lequel une concentration de glucose 
dans le sang est determinee de facon non invasive 
a partir d'une concentration de glucose dans les 
constltuants de I'humeur aqueuse, laquelle concen- 
tration est mesutee de facon novatrice avec un dis- <5 
positif tel que d6fini dans la revendication 16 et la- 
dite table. 

24. Dispositif de mesure de la concentration de glucose 
selon la revendication 1 9, comprenant une table re- so 
presentant la correlation entre les concentrations 

de glucose dans les constituents de I'humeur 
aqueuse, lesquelles concentrations ont ete mesu- 
rees avec un dispositif tel que defini dans la reven- 
dication 19, et les concentrations de glucose dans ss 
le sang, lesquelles ont ete mesurees au prealable, 
dans lequel une concentration de glucose 
dans le sang est d6termin6e de facon non invasive 
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